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c
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 C
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i
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ro

g
e

n
-f

u
e

le
d

 
ro

c
k

e
t 

sy
st

e
m

s.
 

H
o

w
ev

er
, 

w
he

n 
c

o
n

si
d

e
re

d
 

i.
n

 t
h

e
 c

o
n

- 
-.
 

te
x

t 
o

f 
o

v
e

ra
ll

 S
y

sL
ru

l 
p

e
r 

fo
r~

u
a

n
c

e
, t

h
e

 w
el

l-
k

n
o

w
n

 
e

n
g

in
e

 s
p

e
c

if
ic

 i
m

p
u

ls
e

 a
d

v
a

n
ta

g
e

s 
sh

o
w

n
 

i
n

 F
ig

. 
- 

2-
2 

tr
a

n
s

la
te

 
in

to
 l

e
s
s
 a

d
v

a
n

ta
g

e
o

u
s 

sy
st

e
m

 ~
e

rf
o

rm
a

n
c

e
 e
ff

e
c

ts
. 
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Ef
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ct
iv

e 
Sp

ec
lfi

c 
Im

pu
ls

e,
 

Tu
rb

oj
et

 +
 

Sc
ra

m
je

t 
Tu

rb
oj

et
 B

oo
st

er
, 

Bo
os

te
r, 

Ro
ck

et
 O

rb
ite

r 
Ro

c k
e! 

O
rb

ite
r 

Tu
rb

oj
et

 B
oo

st
er

, 
'"1 s

g Ro
ck

et
 O

rb
ite

r 
Ro

ck
et

 
Bo

os
te

r, 
Ro

ck
et

 
I 

O
rb

ite
r 

St
ag

in
g 

M
ac

h 
N

um
be

r 



2.
3 

O
P
E
R
A
T
I
O
N
A
L
 
C
O
N
C
E
P
T
 

A
 
t
y
p
i
c
a
l
 m
i
s
s
i
o
n
 
p
r
o
f
i
l
e
 
(s
ho
wn
 
i
n
 F
ig
. 
2-
4)
 
f
o
r
 a
 
h
o
r
i
z
o
n
t
a
l
-
t
a
k
e
o
f
f
 
t
w
o
-
s
t
a
g
e
 
l
a
u
n
c
h
 v
e
h
i
c
l
e
 

c
o
n
s
i
s
t
s
 o
f:
 

1
 

A
 
li
or
iz
on
ta
l 
t
a
k
e
o
f
f
 a
n
d
 
c
l
i
m
b
 t
o 
s
t
a
g
i
n
g
 a
l
t
i
t
u
d
e
 a
n
d
 
M
a
c
h
 
n
u
m
b
e
r
 u
s
i
n
g
 a
n
 a
i
r
-
b
r
e
a
t
h
i
n
g
 

bo
os
te
r.
 

2
 

A
t
 
s
t
a
g
i
n
g
,
 t
h
e
 o
r
b
i
t
e
r
 m
a
i
n
 
e
n
g
i
n
e
 
i
s
 s
t
a
r
t
e
d
 a
n
d
 
t
h
e
 b
o
o
s
t
e
r
 
e
n
g
i
n
e
s
 a
r
e
 t
h
r
o
t
t
l
e
d
 
L
a
c
k
 

to
 
a
l
l
o
w
 t
h
e
 o
r
b
i
t
e
r
 t
o 
f
l
y
 a
w
a
y
 
f
r
o
m
 t
h
e
 b
oo
sc
er
(s
).
 

3
 

T
h
e
 L
oo
st
er
(s
) 

t
h
e
n
 
f
l
i
e
s
 (
fl
y)
 
b
a
c
k
 
t
o
 t
h
e
 l
a
u
n
c
h
 s
i
t
e
,
 e
i
t
h
e
r
 p
il
ot
ed
 
o
r
 r
e
m
o
t
e
l
y
 

g
u
i
d
e
d
 
f
o
r
 a
 
h
o
r
i
z
o
n
t
a
l
 
la
nd
in
g.
 

4
 

T
h
e
 o
r
b
i
t
e
r
 c
o
n
t
i
n
u
e
s
 i
n
t
o
 o
r
b
i
t
 
a
f
t
e
r
 s
t
a
g
i
n
g
,
 d
e
l
i
v
e
r
i
n
g
 i
t
s
 p
a
y
l
o
a
d
,
 a
n
d
 
r
e
t
u
r
n
i
n
g
 

t
o
 e
i
t
h
e
r
 
t
h
e
 l
a
u
n
c
h
 s
i
t
e
 o
r
 a
n
 a
l
t
e
r
n
a
t
i
v
e
 l
s
n
d
i
n
g
 s
i
t
e
,
 a
n
d
 
l
a
n
d
s
 h
o
r
i
z
o
n
t
a
l
l
y
.
 

A 
g
r
o
u
n
d
 
o
p
e
r
a
t
i
o
n
s
 p
r
o
f
i
l
e
 
f
o
r
 
t
h
e
 p
a
r
a
l
l
e
l
-
l
i
f
t
 
t
w
o
-
s
t
a
g
e
 l
a
u
n
c
h
 v
e
h
i
c
l
e
 i
s
 s
h
o
w
n
 
i
n
 F
ig
. 

2-
5.
 

A
f
t
e
r
 
l
a
n
d
i
n
g
,
 t
h
e
 o
r
b
i
t
e
r
 i
s
 r
e
t
r
i
e
v
e
d
 b
y 

a
 
t
o
w
 v
e
h
i
c
l
e
 w
ti
ic
h 
s
u
p
p
l
i
e
s
 a

1 
1 
g
r
o
u
n
d
 
p
o
w
e
r
 

(
e
l
e
c
t
r
i
c
a
l
,
 
p
n
e
u
m
a
t
i
c
,
 
tr
an
sp
or
t)
. 

T
h
e
 o
r
b
i
t
e
r
 i
s
 t
a
k
e
n
 d
i
r
e
c
t
l
y
 
t
o
 a
 d
e
s
e
r
v
i
c
i
n
g
 f
a
c
i
l
i
t
y
,
 w
h
e
r
e
 

a
n
y
 
r
e
t
u
r
n
e
d
 
p
a
y
l
o
a
d
 
i
s
 r
e
m
o
v
e
d
.
 

I
n
 
t
h
e
 d
e
s
e
r
v
i
c
i
n
g
 f
a
c
i
l
?
t
y
,
 t
h
e
 h
y
d
r
o
g
e
n
 
p
r
o
p
e
l
l
a
n
t
 
l
i
n
e
s
 a
n
d
 

p
r
o
p
e
l
l
a
n
t
 
t
a
n
k
s
 a
r
e
 p
ur
ge
d 

to
 
e
l
i
m
i
n
a
t
e
 a
n
y
 
r
e
s
i
d
u
a
l
 h
y
d
r
o
g
e
n
 g
a
s
e
s
 a
.i
d 

l
i
q
u
i
d
s
 w
h
i
c
h
 
c
o
u
l
d
 
b
e
 

a
 
p
o
t
e
n
t
i
a
l
 e
x
p
l
o
s
i
o
n
 h
az
ar
d.
 

An
y 
o
t
h
e
r
 p
o
t
e
n
t
i
a
l
l
y
 h
a
z
a
r
d
o
u
s
 m
a
t
e
r
i
a
l
 
Is
 
a
l
s
o
 r
e
m
o
v
e
d
.
 
A
f
t
e
r
 
d
e
-
 

s
e
r
v
i
c
i
n
g
,
 t
h
e
 o
r
b
i
t
e
r
 i
s
 t
ow
ed
 
to
 
t
h
e
 m
a
i
n
t
e
n
a
n
c
e
 
a
n
d
 
a
s
s
e
m
b
l
y
 
f
a
c
i
l
i
t
y
 
f
o
r
 r
o
u
t
i
n
e
 
c
h
e
c
k
o
u
t
 a
nd
 

s
e
r
v
i
c
i
n
g
 o
f
 n
o
n
c
r
i
t
i
c
a
l
,
 s
c
h
e
d
u
l
e
d
-
m
a
i
n
t
e
n
a
n
c
e
 i
t
e
m
s
.
 
A
l
l
 
u
n
s
c
h
e
d
u
l
e
d
 m
a
i
n
t
e
n
a
n
c
e
 i
s
 a
l
s
o
 c
o
m
p
l
e
t
e
d
,
 

a2
d 

t
h
e
 o
r
b
i
t
e
r
 i
s
 p
r
e
p
a
r
e
d
 
f
o
r
 b
a
o
s
t
e
r
 m
at
in
g.
 

T
h
e
 b
o
o
s
t
e
r
s
 a
r
e
 s
e
r
b
-
c
e
d
 p
r
i
o
r
 
t
o
 
t
h
e
 
~
r
b
l
t
e
r
 

r
e
t
u
r
n
 a
n
0
 a
r
e
 a
v
a
i
l
a
b
l
e
 f
o
r
 
t
h
e
 m
a
t
i
n
g
 
o
p
e
r
a
t
i
u
n
 a
s
 s
o
o
n
 a
s
 t
h
e
 o
r
b
i
t
e
r
 
i
s
 r
ea
dy
. 

I
n
 t
h
e
 c
a
s
e
 

o
f
 
t
h
e
 
t
w
o
-
b
o
o
s
t
e
r
 
c
o
n
f
i
g
u
r
a
t
i
o
n
,
 i
t 

i
s
 e
n
v
i
s
i
o
n
e
d
 
t
h
a
t
 
t
h
e
 b
o
o
s
t
e
r
s
 w
o
u
l
d
 
b
e
 
s
u
f
f
i
c
i
e
n
t
l
y
 l
o
w
e
r
e
d
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0 
llo

ur
 T

ur
na

ro
un

d 
Tl

r~
~e

) 

Fr
op

al
la

nt
 

fin
d 

C
on

sm
 ab

le
 

Se
rv

ic
in

g 
Fa

ci
lll

y 

O
~b

il
cr

 
C

l~
ec

ko
t~

l, 
M

af
nl

en
a~

~c
e,

 
As

se
~n

l~
ly

 
h

d
 

Pa
yl

oa
d 

In
sl

al
la

lio
n 

Fa
ci

lil
y 

.- 

Je
t 

En
gl

ne
 S

la
rt

 
Po

we
r 

Tr
an

sl
er

 

4
-
 

fi.
9-

- 
.
 --
 

La
nd

in
g 

Fo
w

cr
 T

~a
ns

fc
r 

Ta
d 

fo
r 

Ta
ke

of
f 

01
 bi

le
r 

De
sc

rv
ic

lr~
g 

Fa
ci

lil
y 

Bo
or

ts
r 

C
l~

cc
ko

r~
l 

An
d 

M
ai

nl
en

an
cc

 
Fa

ci
lil

y 

-
 

15
 

G
.R

c 
&I

- 



by
 

h
y

d
ra

u
li

c
-a

c
tf

i.
a

te
d

 
la

n
d

in
g

 g
e

a
r 

to
 a

ll
o

w
 t

h
em

 
to

 b
e

 t
o

w
ed

 
u

n
d

e
r 

th
e

 o
rb

it
e

r 
w

in
g

s.
 

T
h

e 

b
o

o
st

e
rs

 w
o

u
ld

 
th

e
n

 b
e

 r
a

is
e

d
 a

n
d

 m
at

ed
 

to
 t

h
e

 o
rb

it
e

r.
 

A
ft

e
r 

th
e

 m
a

ti
n

g
 o

p
e

ra
ti

o
n

, 
th

e
 a

ss
e

m
b

le
d

 

v
e

h
ic

le
 u

n
d

er
g

o
es

 
a

n
 i

n
te

g
ra

te
d

 o
p

e
ra

ti
o

n
s 

v
e

ri
fi

c
a

ti
o

n
. 

N
ex

t 
th

e
 p

a
y

lo
a

d
 
is

 l
o

a
d

e
d

 a
n

d
 

th
e

 v
e

h
ic

le
 

to
w

ed
 

to
 t

h
e

 p
ro

p
e

ll
a

n
t 

an
d

 
co

n
su

m
ab

le
 s

e
rv

ic
in

g
 f

a
c

il
it

y
, 

w
h

er
e 

f
in

a
l 

p
re

p
a

ra
ti

o
n

s 
fo

r 
fl

ig
h

t 
a
re

 

co
m

p
le

te
d

. 

T
he

 
c

re
w

 b
o

a
rd

s 
th

e
 v

e
h

ic
le

 d
u

ri
n

g
 t

h
e

 
fi

n
a

l 
s

ta
g

e
s

 o
f 

p
ro

p
e

ll
a

n
t 

lo
a

d
in

g
 t

o
 c

o
n

d
u

c
t 

th
e

 f
in

a
l 

p
re

fl
ig

h
t 

c
h

e
c

k
o

u
t.

 
T

h
en

 
th

e
 v

e
h

ic
le

 
is

 t
o

w
ed

 
o

n
to

 t
h

e
 r

u
n

w
ay

 
a

p
ro

n
, 

w
h

er
e 

th
e

 j
e

t 
e

n
g

in
e

s 
a

re
 

s
ta

rt
e

d
, 

an
d

 p
o

w
er

 
is

 t
ra

n
s

fe
rr

e
d

 
fr

o
m

 g
ro

u
n

d
 

to
 o

n
-b

o
ar

d
 

sy
st

e
m

s.
 

T
h

e 
v

e
h

ic
le

 
is

 n
ow

 
re

a
d

y
 

fo
r 

ta
k

e
o

ff
. 

B
as

ed
 

o
n

 t
h

e
 t

im
e

li
n

e
 s

ho
w

n 
in

 F
ig

. 
2

-6
, 

i
t
 i

s
 e

st
im

a
te

d
 

th
a

t 
th

is
 t

u
rn

a
ro

u
n

d
 

c
o

u
ld

 b
e 

a
c

c
o

m
p

li
sh

e
d

 i
n

 6
0
 h

o
u

rs
 o

v
e

r 
a
 

2
.5

-d
ay

 
p

e
ri

o
d

, 
as

su
m

in
g

 a
 

th
re

e
-s

h
if

t 
o

p
e

ra
ii

o
n

. 

2
.5

 
AT

TR
IB

UT
ES

 
O
F
 A
IR

-B
RE

AT
HI

NG
 

TW
O

-S
T-

4G
E 

V
E

H
IC

L
E

S 

F
ig

u
re

 2
-7

 
li

s
ts

 t
h

e
 a

tt
ri

b
u

te
s

 o
f 

a
ir

-b
re

a
th

in
g

 
rc

u
sa

b
le

 v
e

h
ic

le
s.

 
A

s 
a

lr
e

a
d

y
 n

o
te

d
, 

a
l

l
 

la
u

n
c

h
 v

e
h

ic
le

s
 c

o
n

si
d

e
re

d
 

in
 t

lr
r 

st
u

d
y

 a
re

 a
ss

u
m

zd
 

to
 b

e 
fu

ll
y

 r
e

u
sa

b
le

, 
n

o
t 

re
q

u
ir

in
g

 r
e

c
o

v
e

ry
, 

re
fu

rn
is

h
m

e
n

t,
 

o
r

 r
e

p
la

c
e

w
e

n
t 

o
p

e
ra

ti
o

n
s 

su
c

h
 a

s
 t

h
o

se
 a

s
s

o
c

ia
te

d
 w

it
h

 
th

e
 S

h
u

tt
le

 s
o

li
d

 r
o

c
k

e
t 

m
o

to
rs

 
(S
RM
).
 

H
o

ri
z

o
n

ta
l 

a
ss

e
m

b
ly

, 
ta

k
e

o
ff

, 
an

d
 

la
n

d
in

g
 o

p
e

ra
ti

o
n

s
 a

re
 c

o
m

p
a

ti
b

le
 w

it
h

 t
h

is
 c

o
n

c
e

p
t 

an
d

 w
o

u
ld

 
a

p
p

e
a

r 
to

 r
e

s
u

lt
 i

n
 a

p
p

re
c

ia
b

le
 s

a
v

in
g

s 
o

f 
c

o
s

t 
an

d
 

ti
m

e
 c

o
m

p
ar

ed
 

to
 v

e
rt

ic
a

l 
a

ss
e

m
b

ly
 

an
d

 
la

u
n

c
h

 o
p

e
ra

ti
o

n
s
, 

s
in

c
e

 n
o

 
la

u
n

c
h

 p
ad

 
o

r
 m

o
b

il
e

 
la

u
n

c
h

e
r 

is
 r

e
q

u
ir

e
d

. 
I
t 

is
 a

ss
u

m
ed

 
th

a
t 

a
ir

- 

b
re

a
th

in
g

 d
e

si
g

n
s 

a
r

e
 c

o
m

p
a

ti
b

le
 w

it
h

 e
x

is
ti

n
g

 r
u

n
w

ay
s 

(a
s

 l
o

n
g

 a
s

 t
h

e
 b

e
a

ri
n

g
 p

re
ss

u
re

 o
n

 t
h

e
 r

u
n

- 

w
ay

 
is

 k
e

p
t 

a
t 

c
u

r
r

e
n

t 
le

v
e

ls
),

 
?

h
e

re
b

y
 e

x
te

n
d

in
g

 l
a

u
n

c
h

 s
it

e
 o

p
p

o
rt

u
n

it
ie

s
 

to
 a

n
y

 s
it

e
 w

it
h

 a
d

e
q

u
a

te
 

ru
n

w
ay

 
le

n
g

th
 a

n
d

 
th

e
 a

v
a

il
a

b
il

it
y

 o
f 

c
ry

o
g

e
n

ic
 s

e
rv

ic
in

g
. 

H
en

ce
, 

re
u

sa
b

le
 a

ir
-b

re
a

th
in

g
 

b
o

o
s

te
rs

 

c
o

u
ld

 p
ro

v
id

e
 e

x
te

n
d

e
d

 
ra

n
g

e
 o

p
e

ra
ti

o
n

s 
e

n
a

b
li

n
g

 r
e

m
o

te
 l

a
u

n
c

h
 s

it
e

 o
p

e
ra

ti
o

n
s

 w
h

il
e

 r
e

ta
in

in
g

 

th
e

 a
d

v
a

n
t

a
~

~
s

 
o

f 
c

e
r-

tr
a

li
z

e
d

 m
a

in
te

n
a

n
c

e
. 

In
-f

li
g

h
t 

re
fu

e
li

n
g

 o
f 

th
e

 b
o

o
st

e
r 

w
o

u
ld

 
e

n
a

b
le

 t
h

e
 

la
u

n
c

h
 v

e
h

ic
le

 t
o

 b
e

 
fl

o
w

n
 

to
 o

r
 f

ro
m

 a
n

y
 p

la
c

e
 d

e
si

re
d

. 
T

h
e 

in
c

re
a

se
d

 
e

ff
ic

ie
n

c
y

 o
f 
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r
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a
t
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n
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n
g
i
n
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 c
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d
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k
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t
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n
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o
u
l
d
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n
a
b
l
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f
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e
t
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r
b
i
t
 
i
n
j
e
c
t
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n
 c
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i
l
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 b
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u
d
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n
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 c
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r
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e
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a
l
l
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h
e
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a
u
n
c
h
 s
i
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d
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p
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r
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p
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r
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f
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r
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c
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 c
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c
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 p
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 c
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.
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c
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c
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 b
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c
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c
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 c
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 c
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 m
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.
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p
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c
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c
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 p
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c
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 p
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c
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c
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c
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c
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 d
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 d
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c
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 d
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c
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c
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c
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p
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3.
1.
2 

S
c
e
n
a
r
i
o
 N
o.
 
2
 

It
 i
s
 a
ss
um
ed
 
th
at
 
a
 b
r
e
a
k
t
h
r
o
u
g
h
 w
i
l
l
 
d
r
a
m
a
t
i
c
a
l
l
y
 c
h
a
n
g
e
 
th
e 
de
ma
nd
 
fo
r 
s
p
a
c
e
 u
t
i
l
i
z
a
t
i
o
n
,
 

T
h
e
 n
at
ur
e 
of
 
th
e 
b
r
e
a
k
t
h
r
o
u
g
h
 c
ou
ld
 
be
 
a
 c
h
a
n
g
e
 
in
 
th
e 
pu
bl
ic
's
 
p
e
r
c
e
p
t
i
o
n
 o
f 
s
p
a
c
e
,
 a
 
t
e
c
h
n
o
l
o
g
i
-
 

ca
l 

.
v
e
n
t
 t
ha
t 
m
a
k
e
s
 s
p
a
c
e
 o
p
e
r
a
t
i
o
n
s
 e
x
t
r
e
m
e
l
y
 d
e
s
i
r
a
b
l
e
,
 o
r 
a
 d
i
s
c
o
v
e
r
y
 
th
at
 c
h
a
n
g
e
s
 t
he
 n
ee
d 
fo
r 

s
p
a
c
e
 o
pe
ra
ti
on
s.
 

E
x
t
r
e
m
e
l
y
 p
r
o
f
i
t
a
b
l
e
 s
p
a
c
e
 i
n
v
e
s
t
m
e
n
t
s
 c
ou
ld
 
i
n
i
t
i
a
t
e
 a
 s
t
r
o
n
g
 c
o
m
p
e
t
i
t
i
v
e
 d
e
m
a
n
d
 

a
n
d
,
 o
f 
c
o
u
r
s
e
,
 a
 
r
e
c
o
g
n
i
z
e
d
 m
il
it
ar
y 
ad
va
nt
ii
ge
 c
ou
ld
 
a
c
c
e
l
e
r
a
t
e
 c
o
m
p
e
t
i
t
i
o
n
 b
e
t
w
e
e
n
 n
at
io
ns
. 

T
h
e
 

a
c
h
i
e
v
e
m
e
n
t
 o
f
 v
er
y 
l
o
w
 
t
r
a
n
s
p
o
r
t
a
t
i
o
n
 c
o
s
t
s
 c
ou
ld
 
a
l
s
o
 e
s
t
a
b
l
i
s
h
 a
 s
t
r
o
n
g
 d
e
m
a
n
d
 
fo
r 
s
p
a
c
e
 u
t
i
l
i
z
a
-
 

ti
on
. 

W
h
a
t
e
v
e
r
 
th
e 
c
a
u
s
e
,
 i
t 
i
s
 p
os
tu
la
te
d 
th
at
 
a
 
ra
pi
d 
i
n
c
r
e
a
s
e
 i
n 
s
p
a
c
e
 o
p
e
r
a
t
i
o
n
s
 c
a
n
 b
e
 e
xp
ec
te
d.
 

O
r
b
i
t
a
l
 
tr
an
sf
er
 v
e
h
i
c
l
e
s
 w
i
l
l
 b
e 
s
p
a
c
e
 b
as
ed
. 

S
e
v
e
r
a
l
 h
un
dr
ed
 
l
a
u
n
c
h
e
s
 p
er
 
y
e
a
r
 a
r
e
 a
nt
ic
ip
at
ed
. 

3.
2 

M
I
S
S
I
O
N
 O
P
P
O
R
T
U
N
I
T
I
E
S
 

Mo
re
 
th
an
 5
00
 n
e
a
r
-
 
an
d 
fa
r-
te
rm
 
pr
op
os
ed
 
ad
va
nc
ed
 
s
p
a
c
e
 s
y
s
t
e
m
s
 w
e
r
e
 
su
rv
ey
ed
. 

T
h
e
 s
y
s
t
e
m
s
 

w
e
r
e
 c
a
t
e
g
o
r
i
z
e
d
 f
u
n
c
t
i
o
n
a
l
l
y
 a
s
 o
b
s
e
r
v
a
t
i
o
n
,
 c
o
m
m
u
n
i
c
a
t
i
o
n
s
,
 w
e
a
p
o
n
s
,
 a
nd
 
s
u
p
p
o
r
t
 o
pe
ra
ti
on
s.
 

E
a
c
h
 

ca
te
go
ry
 w
a
s
 
f
u
r
t
h
e
r
 d
iv
id
ed
 
i
n
t
o
 c
l
a
s
s
e
s
 o
f
 m
i
s
s
i
o
n
s
 
(F
ig
. 

3-
2)
. 

C
o
r
r
e
s
p
o
n
d
i
n
g
 t
o 
e
a
c
h
 o
f 
th
e 
tw
o 

s
c
e
n
a
r
i
o
s
 a
b
o
v
e
,
 a
 s
e
t
 o
f 
ty
pi
ca
l 
m
i
s
s
i
o
n
s
 w
a
s
 
de
ri
ve
d 
fr
om
 w
i
t
h
i
n
 
th
e 
m
i
s
s
i
o
n
 
c
l
a
s
s
e
s
 
(F
ig
. 

3-
3)
; 

th
ey
 
a
r
e
 r
e
p
r
e
s
e
n
t
a
t
i
c
e
 o
f 
th
e 
s
p
e
c
t
r
u
m
 o
f 
ex
pe
ct
ed
 
l
a
u
n
c
h
 v
e
h
i
c
l
e
 p
ay
lo
ad
 
an
d 
s
p
a
c
e
 o
p
e
r
a
t
i
o
n
s
 

re
qu
ir
em
en
ts
. 

I
n
 t
he
 
bu
si
ne
ss
-a
s-
us
ua
l 
s
c
e
n
a
r
i
o
 (
#l
),
 
th
e 
l
a
u
n
c
h
 v
e
h
i
c
l
e
 
i
s
 r
eq
ui
re
d 
to
 
c
a
r
r
y
 a
 

v
a
r
i
e
t
y
 o
f 
i
n
d
i
v
i
d
u
a
l
 s
p
a
c
e
c
r
a
t
t
 f
or
 n
ea
r-
ea
rt
h 
an
d 
d
e
e
p
-
s
p
a
c
e
 o
p
e
r
a
t
i
o
n
s
 a
nd
 
to
 
s
e
r
v
e
 a
s
 
(1
) 
a
 

s
p
a
c
e
c
r
a
f
t
 l
a
u
n
c
h
 
f
a
c
i
l
i
t
y
;
 (
2)
 
a
 s
p
a
c
e
c
r
a
f
t
 m
a
i
n
t
e
n
a
n
c
e
 a
nd
 
re
pa
ir
 
f
a
c
i
l
i
t
y
;
 (
3)
 
a
 s
h
o
r
t
-
d
u
r
a
t
i
o
n
 

s
p
a
c
e
 l
a
b
o
r
a
t
o
r
y
 a
nd
 
h
a
b
i
t
a
t
;
 
(4
) 
an
 
o
r
b
i
t
a
l
-
t
r
a
n
s
f
e
r
-
v
e
h
i
c
l
e
 d
e
l
i
v
e
r
y
,
 
l
a
u
n
c
h
 a
nd
 
r
e
t
r
i
e
v
a
l
 s
y
s
t
e
m
;
 

an
d 
(5
) 
an
 
Ea
rt
h 
o
r
b
i
t
a
l
 c
o
n
s
t
r
u
c
t
i
o
n
 
f
a
c
i
l
i
t
y
,
 i
n
c
l
u
d
i
n
g
 p
r
o
v
i
s
i
o
n
s
 
fo
r 
t
e
l
e
o
p
e
r
a
t
o
r
 s
er
vi
ce
s.
 

T
h
e
 

l
a
u
n
c
h
 v
e
h
i
c
l
e
 h
a
s
 a
 h
ig
h 
d
e
g
r
e
e
 o
f
 i
n-
or
bi
t 
f
l
e
x
i
b
i
l
i
t
y
 i
n
 o
r
d
e
r
 
to
 
c
o
n
d
u
c
t
 s
h
o
r
t
-
t
e
r
m
 s
p
a
c
e
 s
u
p
p
o
r
t
 

f
u
n
c
t
i
o
n
s
 t
o
 
c
o
m
p
e
n
s
a
t
e
 f
or
 
th
e 
la
ck
 o
f 
s
p
a
c
e
 b
as
in
g.
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p
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 e
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E
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L
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E
N
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S
in

c
e
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h

e
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n
e
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u

su
a
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e
n
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ri
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th
e
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a

u
n

c
h

 v
e

h
ic

le
 i

s
 r

e
q

u
ir

e
d

 
to

 p
e
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o

rm
 m
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y 

sp
a

c
e

 

su
p

p
o

rt
 

fu
n

c
ti

o
n

s 
(a

s 
w

e
ll

 a
s
 d

e
li

v
e

r 
a 

v
a

ri
e

ty
 o

f 
s

p
a

c
e

c
ra

ft
),

 
i
t
 i

s
 e

x
p

e
c

te
d

 
to

 b
e

 a
b

le
 t

o
 r

e
a

c
h

 

a 
h

ig
h

ly
 d

iv
e

rs
if

ie
d

 s
p

e
c

tr
u

m
 o

f 
o

rb
it

a
l 

d
e

s
ti

n
a

ti
o

n
s

. 
In

d
iv

id
u

a
l 

p
a

y
lo

a
d

s 
c

o
n

s
is

t 
p

re
d

o
m

in
a

te
ly

 
o

f 

s
in

g
le

 o
r

 m
u
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ip
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 s

p
a

c
e

c
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n
d

 
e

re
c
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b
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tr
u

c
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r
e

s
 u
p
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 t
h

e
 p

a
y

lo
a

d
 w
e
i
g
h
t
 o

f 
th

e
 v

e
h

ic
le
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im

it
e
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rb
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ss
e
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p
e

ra
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o
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u
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g
 t
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 o
r
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o

re
 

p
a

y
lo
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d

s 
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 r

e
q

u
ir

e
d
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In

 t
h

e
 r

a
p

id
 e

x
- 

p
a
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si

o
n

 s
c

e
n
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ri

o
, 

a
 

la
rg

e
 n

u
m

b
er

 
o

f 
sc

h
e

d
u

le
d

 f
li

g
h

ts
 t

o
 a

 
v

e
ry

 l
im
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e

d
 n
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er
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f 

d
e

s
ti

n
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n
s

 a
re

 

c
o

n
d

u
c

te
d
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th

e
 l

a
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n
c

h
 v

e
h

ic
le
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T

h
e 

p
a

y
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d

 
c
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 l

a
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e
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f 

p
a
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e
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d
 

fr
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 s
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a

c
e
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eq
u

ip
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en
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e

 b
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 o
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 h
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L
A
U
N
C
H
 V
E
H
I
C
L
E
 D
E
S
C
R
I
P
T
I
O
N
S
 

T
h
e
 a
l
t
e
r
n
a
t
i
v
e
 l
a
u
n
c
h
 v
e
h
i
c
l
e
s
 c
o
n
s
i
d
e
r
e
d
 
i
n
 t
h
i
s
 s
t
u
d
y
 a
r
e
 n
o
t
e
d
 
i
n
 S
ec
. 
1.
2 
an
d 
d
e
p
i
c
t
e
d
 
i
n
 

Fi
g.
 
4-
1.
 
Th
e 

3
e
v
e
n
 v
e
h
i
c
l
e
s
,
 d
i
f
f
e
r
e
n
t
i
a
t
e
d
 b
y 
p
r
o
p
u
l
s
i
o
n
 
t
y
p
e
,
 n
u
m
b
e
r
 o
f
 
s
t
a
g
e
s
,
 a
nd
 
s
t
a
g
i
n
g
 c
o
n
d
i
-
 

t
i
o
n
s
,
 a
r
e
 d
e
s
c
r
i
b
e
d
 
i
n
 m
o
r
e
 d
e
t
a
i
l
 
i
n
 
t
h
i
s
 s
ec
ti
on
. 

A
s
 
no
te
d 
i
n
 S
ec
. 
2
,
 a
l
l
 s
t
a
g
e
s
 a
r
e
 f
u
l
l
y
 
r
e
u
s
a
b
l
e
 a
nd
 
la
nd
 
h
o
r
i
z
o
n
t
a
l
l
y
 
i
n
 e
i
t
h
e
r
 
a
 m
a
n
n
e
d
 
o
r
 

u
n
m
a
n
n
e
d
 m
od
e.
 

A
l
l
 
a
i
r
-
b
r
e
a
t
h
i
n
g
 b
o
o
s
t
e
r
s
 b
u
r
n
 
RP
 
e
x
c
e
p
t
 
th
e 
h
y
d
r
o
g
e
n
-
b
u
r
n
i
n
g
 s
cr
am
je
t.
 
A
l
l
 
r
o
c
k
e
t
 

e
n
g
i
n
e
s
 u
s
e
 H
 /

O
 

pr
op
el
la
nt
. 

E
a
c
h
 v
e
h
i
c
l
e
 
i
s
 d
e
s
i
g
n
e
d
 
f
o
r
 m
i
n
i
m
u
m
 
l
i
f
t
o
f
f
 w
e
i
g
h
t
 w
i
t
h
 a
 3
0,
00
0-
kg
 

2 
2 

pa
yl
oa
d 

(i
n 
a
 
S
h
u
t
t
l
e
-
s
i
z
e
d
 b
ay
) 

d
e
l
i
v
e
r
e
d
 
to
 
a
 
9
3
 x

 
1
8
5
 k
m,
 

28
O

 
o
r
b
i
t
.
 
A
l
l
 
o
f
 
th
e 
h
o
r
i
z
o
n
t
a
l
 t
ak
e-
 

o
f
f
 
b
o
o
s
t
e
r
s
 
u
t
i
l
i
z
e
 a
 w
e
t
 w
i
n
g
,
 w
h
i
c
h
 
r
e
d
u
c
e
s
 s
t
r
u
c
t
u
r
a
l
 w
ei
gh
t.
 

T
h
e
 d
e
s
i
g
n
 o
f 
t
h
e
 s
u
p
e
r
s
o
n
i
c
-
s
t
a
g
e
d
 v
e
h
i
c
l
e
 
(S
ec
. 
4.
5)
 
w
a
s
 
pr
ov
id
ed
 
by
 
L
a
R
C
 a
t
 
t
h
e
 
t
i
m
e
 
t
h
a
t
 

t
h
i
s
 s
t
u
d
y
 w
a
s
 
t
a
s
k
e
d
,
 a
nd
 
i
s
 p
e
r
h
a
p
s
 t
h
e
 p
r
e
f
e
r
r
e
d
,
 o
r
 
r
e
f
e
r
e
n
c
e
 d
es
ig
n.
 
L
a
t
e
 
in
 
t
h
e
 s
t
u
d
y
,
 L
a
R
C
 

p
r
o
v
i
d
e
d
 
a
n
 a
d
d
i
t
i
o
n
a
l
 d
e
s
i
g
n
,
 t
h
i
s
 o
n
e
 f
o
r
 a
 
s
u
b
s
o
n
i
c
-
s
t
a
g
e
d
 v
e
h
i
c
l
e
 u
s
i
n
g
 
t
w
i
n
 b
o
o
s
t
e
r
s
 
(S
ec
. 
4.
8)
. 

B
e
c
a
u
s
e
 o
f
 
l
i
m
i
t
e
d
 
t
i
m
e
,
 
t
h
i
s
 d
e
s
i
g
n
 r
e
c
e
i
v
e
d
 
o
n
l
y
 p
a
r
t
i
a
l
 
c
o
n
s
i
d
e
r
a
t
i
o
n
 a
nd
 
i
s
 h
e
n
c
e
 n
o
t
 
i
n
c
l
u
d
e
d
 

in
 a
l
l
 f
i
g
u
r
e
s
 c
o
m
p
a
r
i
n
g
 
th
e 
a
l
t
e
r
n
a
t
i
v
e
s
.
 
B
o
t
h
 
L
a
R
C
 d
e
s
i
g
n
s
,
 a
s
 w
e
l
l
 
a
s
 t
he
 
G
R
C
-
d
e
s
i
g
n
e
d
 
s
i
n
g
l
e
-
 

b
o
o
s
t
e
r
 
s
u
b
s
o
n
i
c
-
s
t
a
g
e
d
 v
e
h
i
c
l
e
,
 u
s
e
 
p
a
r
a
l
l
e
l
 
l
i
f
t
,
 w
h
i
c
h
 
i
s
 o
f 
p
r
i
m
e
 
i
n
t
e
r
e
s
t
 
i
n
 
t
h
i
s
 s
t
u
d
y
 
(s
ee
 

Se
c.
 
2.
1)
. 

A
l
t
e
r
n
a
t
i
v
e
 d
e
s
i
g
n
s
 
fo
r 
p
e
r
f
o
r
m
a
n
c
e
 a
nd
 
c
o
s
t
 c
o
m
p
a
r
i
s
o
n
 w
e
r
e
 o
b
t
a
i
n
e
d
 
f
r
o
m
 M
a
r
t
i
n
 6

*
 7

*8
 (
se
e.
 

4.
2)
 
o
r
 
B
o
e
i
n
g
 9
*
1
0
 (
Se
e 
4.
3)
, 

o
r
 w
e
r
e
 
g
e
n
e
r
a
t
e
d
 
a
s
 p
ar
t 
o
f
 t
h
i
s
 s
t
u
d
y
 
(S
ec
s.
 
4.
4,
 
4.
6,
 
a
n
d
 
4.
7)
. 

B
e
c
a
u
s
e
 o
f
 
t
h
e
 
f
i
n
i
t
e
 e
f
f
o
r
t
 a
v
a
i
l
a
b
l
e
,
 n
o
n
e
 o
f
 t
h
e
s
e
 d
e
s
i
g
n
s
 i
s
 n
e
c
e
s
s
a
r
i
l
y
 o
p
t
i
m
i
z
e
d
.
 
T
h
e
 

p
u
r
p
o
s
e
 
o
f
 
t
h
i
s
 s
t
u
d
y
 w
a
s
 
to
 
e
x
a
m
i
n
e
 
th
e 
r
e
l
a
t
i
v
e
 m
e
r
i
t
s
 o
f
 
d
i
f
f
e
r
e
n
t
 t
y
p
e
s
 o
f
 v
e
h
i
c
l
e
s
,
 
f
o
r
 w
h
i
c
h
 

t
h
e
s
e
 d
e
s
i
g
n
s
 a
r
e
 q
u
i
t
e
 s
a
t
i
s
f
a
c
t
o
r
y
.
 
W
i
t
h
i
n
 
e
a
c
h
 d
e
s
i
g
n
 
t
y
p
e
,
 s
e
v
e
r
a
l
 o
p
t
i
o
n
s
 t
ha
t 
a
r
e
 n
ot
 
p
u
r
s
u
e
d
 

i
n
 t
h
i
s
 s
t
u
d
y
 a
r
e
 a
va
il
ab
le
. 
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T
h
e
 v
a
r
i
o
u
s
 
l
a
u
n
c
h
 v
e
h
i
c
l
e
s
 a
r
e
 d
i
s
c
u
s
s
e
d
 
in
 
Se
cs
. 
4.
2-
4.
8,
 
w
i
t
h
 
e
m
p
h
a
s
i
s
 o
n
 t
h
e
 b
oo
st
er
. 

T
h
e
 

o
r
b
i
t
e
r
s
 a
r
e
 d
i
s
c
u
s
s
e
d
 
i
n
 S
ec
. 
4.
1,
 
t
h
e
 w
e
i
g
h
t
s
 o
f 
a
l
l
 t
h
e
 v
e
h
i
c
l
e
s
 a
r
e
 s
u
m
m
a
r
i
z
e
d
 
i
n
 S
ec
. 
4.
9,
 a
nd
 

Se
c.
 
4.
10
 
p
r
e
s
e
n
t
s
 f
l
i
g
h
t
 p
a
r
a
m
e
t
e
r
 
da
ta
. 

S
i
n
c
e
 a
l
l
 v
e
h
i
c
l
e
s
 d
e
l
i
v
e
r
 
t
h
e
 s
a
m
e
 p
a
y
l
o
a
d
 
to
 
th
e 
s
a
m
e
 

o
r
b
i
t
,
 t
h
e
 r
e
l
a
t
i
v
e
 p
e
r
f
o
r
m
a
n
c
e
 
i
s
 b
es
t 
c
o
m
p
a
r
e
d
 
o
n
 
th
e 
b
a
s
i
s
 
o
f
 
g
r
o
s
s
 v
e
h
i
c
l
e
 w
ei
gh
t.
 

4.
1 

O
R
B
I
T
E
R
 S

 E
HI
CL
ES
 

T
h
e
 d
i
f
f
e
r
e
n
c
e
s
 i
n
 t
h
e
 s
t
a
g
i
n
g
 
c
o
n
d
i
t
i
o
n
s
 a
m
o
n
g
 
th
e 
s
e
v
e
r
a
l
 t
w
o
-
s
t
a
g
e
 v
e
h
i
c
l
e
s
 n
a
t
u
r
a
l
l
y
 l
ea
d 

to
 
d
i
f
f
e
r
e
n
c
e
s
 i
n
 
th
e 
o
r
b
i
t
e
r
s
,
 a
l
t
h
o
u
g
h
 
t
h
e
r
e
 w
a
s
 
a
n
 a
t
t
e
m
p
t
 
to
 
u
s
e
 
s
i
m
i
l
a
r
 d
e
s
i
g
n
 
f
e
a
t
u
r
e
s
 w
h
e
r
e
 

po
ss
ib
le
. 

T
h
e
 o
r
b
i
t
e
r
s
 o
f 
a
l
l
 t
w
o
-
s
t
a
g
e
 v
e
h
i
c
l
e
s
 u
s
e
 a
n
 a
l
u
m
i
n
u
m
 s
t
r
u
c
t
u
r
e
,
 i
n
 c
o
n
t
r
a
s
t
 t
o 
th
e 
m
a
r
e
 

a
d
v
a
n
c
e
d
 
s
t
r
u
c
t
u
r
a
l
 m
a
t
e
r
i
a
l
s
 
o
f
 
th
e 
s
i
n
g
l
e
-
s
t
a
g
e
-
t
o
-
o
r
b
i
t
 v
eh
ic
le
s.
 

A
l
l
 
o
r
b
i
t
e
r
s
 e
x
c
e
p
t
 
t
h
e
 S
S
T
O
-
V
T
O
 u
s
e
 
th
e 
s
a
m
e
 e
n
g
i
n
e
s
:
 
m
o
d
i
f
i
e
d
 
S
p
a
c
e
 S
h
u
t
t
l
e
 m
a
i
n
 
e
n
g
i
n
e
s
 

2
 

(S
SM
E)
 
u
p
r
a
t
e
d
 
to
 
23
.8
 
M
N
/
m
 

(3
45
0 
ps
ia
) 

c
h
a
m
b
e
r
 p
r
e
s
s
u
r
e
 
an
d 
2.
65
 
MN
 
(5
96
,0
00
 
lb
f)
 
v
a
c
u
u
m
 
t
h
r
u
s
t
,
 

an
d 

tw
o 
p
o
s
i
t
i
o
n
 n
o
z
z
l
e
s
 w
i
t
h
 
e
x
p
a
n
s
i
o
n
 r
a
t
i
o
s
 o
f 
8
2
 a
nd
 
15
0.
 

(A
pp
en
di
x 
A
 
h
a
s
 m
o
r
e
 d
e
t
a
i
l
 o
n
 S
S
M
E
 

pe
rf
or
ma
nc
e.
) 

T
h
e
 
tw
o 
h
y
p
e
r
s
o
n
i
c
-
s
t
a
g
e
d
 
o
r
b
i
t
e
r
s
 a
r
e
 
i
d
e
n
t
i
c
a
l
 v
e
h
i
c
l
e
s
 
(F
ig
. 
4-
1)
 
u
s
i
n
g
 
a
 
s
i
n
g
l
e
 

SS
ME
. 

T
h
e
 o
t
h
e
r
 
t
h
r
e
e
 o
r
b
i
t
e
r
s
 a
nd
 
t
h
e
 S
S
T
O
-
H
T
O
 v
e
h
i
c
l
e
 h
a
v
e
 
t
h
r
e
e
 S
S
M
E
s
 e
a
c
h
,
 a
nd
 
th
e 
S
S
T
O
-
V
T
O
 

h
a
s
 
s
i
x
 a
d
v
a
n
c
e
d
 
en
gi
ne
s.
 

S
c
r
a
m
j
e
t
 e
n
g
i
n
e
s
 w
e
r
e
 
a
l
s
o
 c
o
n
s
i
d
e
r
e
d
 
f
o
r
 
th
e 
o
r
b
i
t
e
r
 s
t
a
g
e
 o
f
 
t
h
e
 s
u
p
e
r
s
o
n
i
c
 a
nd
 
s
u
b
s
o
n
i
c
 

p
a
r
a
l
l
e
l
-
l
i
f
t
 v
eh
ic
le
s.
 

H
o
w
e
v
e
r
,
 p
r
e
l
i
m
i
n
a
r
y
 
c
a
l
c
u
l
a
t
i
o
n
s
 i
n
d
i
c
a
t
e
d
 o
n
l
y
 a
 
s
m
a
l
l
 p
e
r
f
o
r
m
a
n
c
e
 a
d
-
 

va
rl
ta
ge
, 
w
h
i
c
h
 w
a
s
 o
f
f
s
e
t
 b
y 
a
 r
e
l
a
t
i
v
e
l
y
 l
a
r
g
e
 i
n
c
r
e
a
s
e
 i
n 
c
o
m
p
l
e
x
i
t
y
 
an
d 
co
st
s.
 

P
e
r
h
a
p
s
 n
e
w
 

t
e
c
h
n
i
c
a
l
 d
a
t
a
 o
r
 n
e
w
 d
e
s
i
g
n
 c
o
n
c
e
p
t
s
 c
ou
ld
 
le
ad
 
to
 
a
 d
i
f
f
e
r
e
n
t
 r
e
s
u
l
t
 a
t
 a
 
l
a
t
e
r
 d
a
t
e
.
 



T
h
e
 p
ro
je
ct
ed
 
s
h
i
f
t
 f
ro
m 
E
a
r
t
h
-
 
to
 
sp
ac
e-
ba
se
d 
o
p
e
r
a
t
i
o
n
s
 s
u
g
g
e
s
t
s
 a
 h
i
g
h
-
d
e
n
s
i
t
y
 
i
n
t
e
r
n
a
l
 

c
a
r
g
o
 b
ay
 
an
d 
p
e
r
h
a
p
s
 a
 c
a
p
a
b
i
l
i
t
y
 
fo
r 
c
a
r
r
y
i
n
g
 v
e
r
y
 
l
o
n
g
 
s
t
r
u
c
t
u
r
a
l
 m
e
m
b
e
r
s
 
f
o
r
 a
s
s
e
m
b
l
y
 
i
n
 s
pa
ce
. 

T
h
e
 s
o
l
a
r
 p
ow
er
 
m
i
s
s
i
o
n
,
 
f
o
r
 e
x
a
m
p
l
e
,
 w
o
u
l
d
 
r
e
q
u
i
r
e
 m
a
n
y
 
s
u
c
h
 s
t
r
u
c
t
u
r
a
l
 m
e
m
b
e
r
s
 a
nd
 
p
o
s
s
i
b
l
y
 
r
o
l
l
s
 

o
f
 a
l
u
m
i
n
i
z
e
d
 
p
l
a
s
t
i
c
 
r
e
f
l
e
c
t
i
n
g
 m
at
er
ia
l.
 

T
h
e
 o
r
b
i
t
e
r
 s
h
o
w
n
 i
n
 F
ig
. 
4
-
2
 
(f
or
 
th
e 
s
i
n
g
l
e
 s
u
b
s
o
n
i
c
-
 

s
t
a
g
e
d
 v
eh
ic
le
) 
a
t
t
e
m
p
t
s
 t
o 
a
c
c
o
m
m
o
d
a
t
e
 t
h
e
s
e
 r
e
q
u
i
r
e
m
e
n
t
s
.
 
T
h
e
 s
i
d
e
-
l
o
a
d
i
n
g
 c
a
r
g
o
 d
o
o
r
s
 
f
r
e
e
 t
h
e
 

b
a
c
k
 
of
 
th
e 
o
r
b
i
t
e
r
 
f
o
r
 s
tr
ap
-r
,n
 c
a
r
g
o
 a
nd
 
fa
ir
in
gs
. 

T
h
l
s
 t
y
p
e
 o
f
 d
o
o
r
 
s
h
o
u
l
d
 a
l
s
o
 b
e 
s
t
r
u
c
t
u
r
a
l
l
y
 

m
o
r
e
 
e
f
f
i
c
i
e
n
t
 
th
an
 
t
h
e
 
18
-m
 
(6
0-
ft
) 
S
h
u
t
t
l
e
 c
l
a
m
s
h
e
l
l
-
t
y
p
e
 d
oo
rs
. 

S
i
d
e
-
l
o
a
d
i
n
g
 
s
h
o
u
l
d
 
a
l
s
o
 b
e
 

o
p
e
r
a
t
i
o
n
a
l
l
y
 m
o
r
e
 e
f
f
i
c
i
e
n
t
 
fo
r 
h
o
r
i
z
o
n
t
a
l
l
y
 o
r
i
e
n
t
e
d
 
o
p
e
r
a
t
i
o
n
s
.
 
T
h
e
 
tw
in
 
t
a
i
l
s
 r
e
p
r
e
s
e
n
t
 
a
 

f
u
r
t
h
e
r
 a
tt
en
.p
t 

to
 
p
r
o
v
i
d
e
 
fo
r 
ve
ry
 
l
o
n
g
,
 n
a
r
r
o
w
 c
a
r
g
o
,
 a
nd
 
w
o
u
l
d
 
a
l
s
o
 p
r
o
v
i
d
e
 a
d
d
i
t
i
o
n
a
l
 h
y
p
e
r
s
o
n
i
c
 

d
i
r
e
c
t
i
o
n
a
l
 s
t
a
b
i
l
i
t
y
 a
t 
m
o
d
e
r
a
t
e
 a
n
g
l
e
s
 o
f 
at
ta
ck
. 

F
o
r
 
th
e 
h
y
p
e
r
s
o
n
i
c
-
s
t
a
g
e
d
 o
r
b
i
t
e
r
s
 
(F
ig
. 

4-
l)
, 

t
h
e
 S
h
u
t
t
l
e
 c
a
r
g
o
-
b
a
y
 
s
h
a
p
e
 d
o
e
s
 n
o
t
 
s
e
e
m
 t
o
 

i
m
p
o
s
e
 m
u
c
h
 
o
f
 a
 p
en
al
ty
. 

T
h
e
 c
a
r
g
o
 b
ay
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e
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r 
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a
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a
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n

c
h
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e
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rm
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u
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n
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 a
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g

y
 

p
re

v
io
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y
 d
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e
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r 
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A

SA
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e

a
d

q
u

a
rt

e
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an
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e
x

te
~

.d
e

d
 h

e
re
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o

 i
n

c
lu

d
e

 a
 

te
c

h
n

o
lo

g
y

 

d
e

fi
c

ie
n

c
y

 c
o

s
t 

fa
c

to
r 

(T
D

C
F
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T
h

is
 f

a
c

to
r 

is
 u

se
d

 
to

 d
e

ri
v

e
 a

 
te

c
h

n
o

lo
g

y
 d

e
fi

c
ie

n
c

y
 c

o
s

t 
th

a
t 

c
a

n
 b

e
 

ad
d

ed
 

to
 t

h
e

 t
ra

d
it

io
n

a
l 

R
D

Td
E 

c
o

s
ts
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T

h
is

 
te

c
h

n
o

lo
g

y
 

re
a

d
in

e
s

s
 a

ss
e

ss
m

e
n

t 
m

et
h

o
d

o
lo

g
y
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a

s 
p

ro
v

e
d

 

u
s

e
fu

l 
fo

r 
g

e
n

e
ra

ti
n

g
 f

u
tu
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 t

e
c

h
n

o
lo

g
y

 p
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g
ra

m
 n

e
e

d
s 

an
d

 
fo

r 
in

d
ic
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ti

n
g

 t
h

e
 t

e
c

h
n

o
lo

g
ic

a
l 

r
is

k
 

in
h

e
re

n
t 

i
n

 p
ro

p
o

se
d

 
fl

ig
h

t 
p

ro
g

ra
m

s.
 

In
 o

rd
e

r 
to

 f
o

rm
a

li
z

e
 a

 
te

c
h

n
o

lo
g

y
 r

e
a

d
in

e
s

s
 m

et
h

o
d

o
lo

g
y

, 
i
t
 i

s
 n

e
c

e
ss

a
ry

 
to

 e
s

ta
b

li
s

h
 a

 

m
ea

su
re

 b
y

 
w

h
ic

h
 

th
e

 s
ta

tu
s

 a
n

d
 

o
b

je
c

ti
v

e
s

 o
f 

te
c

h
n

o
lo

g
y

 r
e

a
d

in
e

s
s

 c
a

n
 b

e
 d

e
fi

n
e

d
. 

T
h

e 
te

c
h

n
o

lo
g

y
 

re
a

d
in

e
s

s
 e

v
a

lu
a

ti
o

n
 c

r
it

e
r

ia
 a

re
 s

ho
w

n 
in

 F
ig

. 
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a
s

 d
if

fe
re

n
t 

le
v

e
ls

 o
f 

re
a

d
in

e
s

s
, 

u
s

in
g

 a
 

se
v

e
n

-l
e

v
e

l 
s

c
a

le
 (

w
h

ic
h

 h
a

s 
su

b
se

q
u

e
n

tl
y

 b
ee

n
 

u
se

d
 

by
 

O
A

ST
, 

th
e

 O
ff

ic
e

 o
f 

A
e

ro
n

a
u

ti
c

s 
an

d
 

S
p

a
c

e
 

T
ec

h
n

o
lo

g
y

, 
N

A
SA

 
H

e
a

d
q

u
a

rt
e

rs
, 

to
 a

s
s

is
t 

in
 e

s
ta

b
li

s
h

in
g

 t
e

c
h

n
o

lo
g

y
 n

e
e

d
s 

fo
r 

ad
v

an
ce

d
 

p
ro

g
ra

m
s,

 

an
d

 
te

c
h

n
o

lo
g

y
 

re
a

d
in

e
s

s
 e

s
ti

m
a

te
s

 f
o

r 
p

ro
p

o
se

d
 

sp
a

c
e

 p
ro

g
ra

m
s)

. 
E

ac
h

 
e

le
m

e
n

t 
o

f 
a

 
p

ro
p

o
se

d
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st

e
m

 

c
a

n
 b

e
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lu
a

te
d

 
to

 d
e

te
rm

in
e

 i
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 c
u

rr
e

n
t 
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ta

tu
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 a
n

d
 

th
e

 e
ff

o
rt

 r
e

m
a

in
in

g
 b

e
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re
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n
c
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ra
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o

n
 i

n
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ne
w

 
p

ro
g

ra
m

. 

A
lt

h
o

u
g

h
 

th
e

 m
et

h
o

d
o

lo
g

y
 r

e
q

u
ir

e
s

 s
u

b
je

c
ti

v
e

 i
n

p
u

ts
 

(r
e

p
re

s
e

n
ta

ti
v

e
 o

f 
a

 
c

la
s

s
 o

f 
d

e
c

is
io

n
 

to
o

ls
 c

a
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p
ro

c
e
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i
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b
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M
E
T
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O
D
O
L
O
G
Y
 
F
O
R
 E
S
T
I
M
A
T
I
N
G
 T
E
C
H
N
O
L
O
G
Y
 D
E
F
I
C
I
E
N
C
Y
 C
O
S
T
S
 

I
t
e
m
s
 r
e
q
u
i
r
i
n
g
 e
q
u
i
v
a
l
e
n
t
 g
a
i
n
s
 
i
n
 
t
e
c
h
n
o
l
o
g
y
 r
e
a
d
i
n
e
s
s
 l
e
v
e
l
s
 m
ay
 
n
o
t
 
b
e
 a
c
h
i
e
v
a
b
l
e
 w
i
t
h
 
t
h
e
 

s
a
m
e
 d
e
g
r
e
e
 o
f
 e
ff
or
t.
 

T
o
 a
c
c
o
u
n
t
 f
o
r
 d
i
f
f
e
r
e
n
c
e
s
 i
n
 e
f
f
o
r
t
,
 t
e
c
h
n
o
l
o
g
y
 
r
i
s
k
 c
r
i
t
e
r
i
a
 h
a
v
e
 b
e
e
n
 

e
s
t
a
b
l
i
s
h
e
d
 a
nd
 
a
r
e
 s
h
o
w
n
 i
n
 F
ig
. 
5-
2.
 
T
h
e
 n
u
m
e
r
i
c
a
l
 v
a
l
u
e
s
 
o
f
 
r
i
s
k
 
(3
, 
6
,
 a
nd
 
9)
 
h
a
v
e
 b
e
e
n
 s
e
l
e
c
t
-
 

ed
 
s
u
c
h
 t
ha
t 
r
i
s
k
 a
nd
 
th
e 
g
a
i
n
 
i
n
 r
e
a
d
i
n
e
s
s
 l
e
v
e
l
 h
a
v
e
 a
p
p
r
o
x
i
m
a
t
e
l
y
 
t
h
e
 s
a
m
e
 w
e
i
g
h
t
i
n
g
 i
n
 d
e
t
e
r
m
i
n
i
n
g
 

t
e
c
h
n
o
l
o
g
y
 r
ea
di
ne
ss
. 

S
e
v
e
r
a
l
 f
a
c
t
o
r
s
 t
ha
t 
a
r
e
 u
s
e
f
u
l
 
i
n
 e
v
a
l
u
a
t
i
n
g
 
th
e 
c
o
s
t
 a
s
s
o
c
i
a
t
e
d
 w
i
t
h
 
t
e
c
h
n
i
c
a
l
 r
i
s
k
 a
r
e
 d
e
-
 

fi
ne
d 
in
 
Fi
g.
 
5-
3.
 

T
h
e
 t
e
c
h
n
o
l
o
g
y
 d
e
f
i
c
i
e
n
c
y
 
i
n
d
e
x
 
(T
DI
) 

i
s
 t
he
 
g
a
i
n
 i
n
 t
e
c
h
n
o
l
o
g
y
 
l
e
v
e
l
 r
e
q
u
i
r
e
d
 t
o
 

a
c
h
i
e
v
e
 r
e
a
d
i
n
e
s
s
 
(d
if
fe
re
nc
e 
b
e
t
w
e
e
n
 
l
e
v
e
l
s
 i
n 
Fi
g.
 
5-
1)
 
t
i
m
e
s
 t
h
e
 
r
i
s
k
,
 s
u
m
m
e
d
 o
v
e
r
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 

e
l
e
m
e
n
t
s
 o
f
 
t
h
e
 s
ys
te
m.
 
I
n
 c
o
m
p
a
r
i
n
g
 c
o
m
p
e
t
i
n
g
 a
l
t
e
r
n
a
t
i
v
e
s
,
 t
he
 T
D
I
 i
n
d
i
c
a
t
e
s
 t
he
 
r
e
l
a
t
i
v
e
 r
i
s
k
 
to
 

b
e
 
ex
pe
ct
ed
 
d
u
e
 
to
 
t
e
c
h
n
o
l
~
g
y
 d
e
f
i
c
i
e
n
c
i
e
s
.
 

T
h
e
 t
e
c
h
n
o
l
o
g
y
 d
e
f
i
c
i
e
n
c
y
 
f
a
c
t
o
r
 (
TD
F)
 
i
n
d
i
c
a
t
e
s
 t
he
 d

e
g
~
r
e
 d

l
 t
e
c
h
n
o
l
o
g
y
 d
e
f
i
c
i
e
n
c
y
 
(a
 
n
o
r
m
a
l
-
 

jz
ed
 
v
a
l
u
e
 o
f
 
th
e 
TD
I)
. 

O
n
e
 m
i
n
u
s
 
t
h
e
 T
D
F
 i
d 
a
n
 i
n
d
i
c
a
t
i
o
n
 o
f
 h
o
w
 n
e
a
r
 
t
e
c
h
n
o
l
o
g
y
 r
e
a
d
i
n
e
s
s
 i
s 
to
 

be
in
g 
ac
hi
ev
er
. 

T
h
e
 T
D
F
 i
s
 i
n
c
o
r
p
o
r
a
t
e
d
 i
n
t
o
 
th
e 
t
e
c
h
n
o
l
o
g
y
 d
e
f
i
c
i
e
n
c
y
 c
o
s
t
 f
a
c
t
o
r
 (
TD
CF
),
 
w
h
i
c
h
 

is
 u
se
d 

to
 
e
s
t
i
m
a
t
e
 t
he
 c
o
s
t
 a
s
s
o
c
i
a
t
e
d
 w
i
t
h
 
t
e
c
h
n
o
l
o
g
y
 u
n
c
e
r
t
a
i
n
t
y
 
i
n
 
th
e 
d
e
v
e
l
o
p
m
e
n
t
 o
f
 a
 n
e
w
 

sy
st
em
. 

R
D
T
C
E
 c
o
s
t
 e
s
t
i
m
a
t
e
s
 a
r
e
 m
u
l
t
i
p
l
i
e
d
 
by
 
th
e 
T
D
C
F
 t
o 
a
c
c
o
u
n
t
 f
o
r
 
t
e
c
h
n
o
l
o
g
y
 r
is
k.
 

A
d
d
i
t
i
o
n
a
l
 
e
f
f
o
r
t
 
i
s
 n
e
e
d
e
d
 
to
 d
e
f
i
n
e
 m
o
r
e
 p
r
e
c
i
s
e
l
y
 
a
n
 a
p
p
r
o
p
r
i
a
t
e
 c
o
s
t
 
f
a
c
t
o
r
 
to
 a
c
c
o
u
n
t
 

fo
r 
t
e
c
h
n
o
l
o
g
y
 d
e
f
i
c
i
e
n
c
i
e
s
 a
t 
p
r
o
g
r
a
m
 
i
n
i
t
i
a
t
i
o
n
 
if
 m
o
r
e
 a
c
c
u
r
a
t
e
 p
r
o
g
r
a
m
 
c
o
s
t
 e
s
t
i
m
a
t
e
s
 a
r
e
 t
o 

be
 
ma
de
. 

It
 
i
s
 h
op
ed
 
th
at
 
th
e 
i
m
p
a
c
t
 o
f
 t
e
c
h
n
o
l
o
g
y
 d
e
f
i
c
i
e
n
c
i
e
s
 o
n
 p
r
o
g
r
a
m
 
c
o
s
t
 a
s
 i
n
d
i
c
a
t
e
d
 
i
n
 

th
is
 a
n
a
l
y
s
i
s
 i
s
 s
u
f
f
i
c
i
e
n
t
 t
o 
s
t
i
m
u
l
a
t
e
 a
d
d
i
t
i
o
n
a
l
 w
or
k.
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E
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E
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E
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P
E

D
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A
L

T
H

O
U

G
H
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H

E
Y

 
(
3
)
 

A
R

E
 N

O
T

 Y
E

T
 P

R
O

V
E

N
 

0
 

P
A

R
A

L
L

E
L

 D
E

V
E

LO
P

M
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N
T

S
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R
E

 P
O

S
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LE

 

L
E

V
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 O
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 - 
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E

C
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N
O

LO
G
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 D

O
E

S
 N

O
T

 E
X
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T
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 M

U
S

T
 B
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 D

E
V

E
L

O
P

E
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H
IG
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A
L

T
E

R
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A
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E

S
 D

O
 N

O
T

 E
X
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T

 
(9
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P

A
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A
L

L
E

L
 D

E
V

E
LO

P
M

E
N

T
S

 A
R

E
 N

O
T

 P
O

S
S
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LE
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E

C
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N
O

LO
G
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 E

X
IS

T
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E
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 D
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O
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R
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T
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A
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O
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R
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S
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M
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D
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D
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L
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A
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R
E

S
O

U
R

C
E

S
 A

N
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R
E
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R
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L
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E
L
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E
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P
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T
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 D
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N
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R
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P
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u
r
r
e
n
t
 a
v
e
r
a
g
e
 c
o
s
t
s
 q
uo
te
d 
f
o
r
 
th
e 
S
h
u
t
t
l
e
,
 

w
h
e
r
e
a
s
 t
h
e
 A
e
r
o
s
p
a
c
e
 m
o
d
e
l
 a
p
p
e
a
r
s
 t
o 
be
 
i
n
 a
g
r
e
e
m
e
n
t
 w
i
t
h
 
th
e 
pr
oj
ec
te
d 

lo
w

 u
s
e
r
 
c
o
s
t
s
 g
i
v
e
n
 i
n
 

tw
o 
N
A
S
A
 p
u
b
l
i
c
a
t
i
o
n
s
.
 l
3
*
l
4
 
T
h
e
 d
i
f
f
e
r
e
n
c
e
s
 a
m
o
n
g
 
th
e 
e
s
t
i
m
a
t
e
s
 a
r
e
 d
u
e
 p
r
i
m
a
r
i
l
y
 
to
 d
i
f
f
e
r
e
n
c
e
s
 

in
 m
a
n
p
o
w
e
r
 
r
e
q
u
i
r
e
m
e
n
t
s
-
-
t
h
e
 A
e
r
o
s
p
a
c
e
 v
a
l
u
e
s
 a
s
s
u
m
e
 a
 m
a
n
p
o
w
e
r
 
f
o
r
e
c
a
s
t
 r
e
p
r
e
s
e
n
t
a
t
i
v
e
 o
f
 m
a
t
u
r
e
 

o
p
e
r
a
t
i
o
n
s
.
 
A
l
s
o
,
 
t
h
e
 R
DT
&E
 
c
o
s
t
s
 g
e
n
e
r
a
t
e
d
 
by
 
th
e 
A
e
r
o
s
p
a
c
e
 m
o
d
e
l
 
a
p
p
e
a
r
 h
i
g
h
 c
o
m
p
a
r
e
d
 
to
 
t
h
e
 c
o
s
t
s
 

e
s
t
i
m
a
t
e
d
 
f
o
r
 
t
h
e
 
Sh
ut
tl
e.
 
H
o
w
e
v
e
r
,
 w
h
e
n
 a
c
t
u
a
l
 R

D
T&

E 
c
o
s
t
s
 a
r
e
 a
v
a
i
l
a
b
l
e
,
 t
h
e
 A
e
r
o
s
p
a
c
e
 m
o
d
e
l
 

e
s
t
i
m
a
t
e
s
 m
a
y
 
w
e
l
l
 
pr
ov
e 
to
 
be
 
m
o
r
e
 
r
e
a
l
i
s
t
i
c
 s
i
n
c
e
 t
r
a
d
i
t
i
o
n
a
l
l
y
 
R
D
T
d
E
 p
r
o
j
e
c
t
e
d
 
c
c
s
t
s
 h
a
v
e
 b
e
e
n
 

u
n
d
e
r
e
s
t
i
m
a
t
e
d
.
 

T
h
e
 M
a
r
t
i
n
 m
o
d
e
l
 
i
s
 b
as
ed
 
o
n
 m
a
n
p
o
w
e
r
 
t
i
m
e
 e
s
t
i
m
a
t
e
s
,
 w
h
i
c
h
 
a
r
e
 c
o
n
v
e
r
t
e
d
 
to
 
c
o
s
t
s
 u
s
i
n
g
 

l
a
b
o
r
 r
a
t
e
s
,
 w
h
e
r
e
a
s
 
th
e 
A
e
r
o
s
p
a
c
e
 m
o
d
e
l
 
i
s
 b
a
s
e
d
 
o
n
 s
u
b
s
y
s
t
e
m
 c
o
s
t
 p
r
o
j
e
c
t
i
o
n
s
 
p
l
u
s
 
o
p
e
r
a
t
i
o
n
s
 a
nd
 

m
z
i
n
t
e
n
a
n
c
e
 m
a
n
n
i
n
g
 
es
ti
ma
te
s.
 

D
i
f
f
e
r
e
n
c
e
s
 b
e
t
w
e
e
n
 
t
h
e
 M
a
r
t
i
n
 
an
d 
A
e
r
o
s
p
a
c
e
 m
o
d
e
l
s
 
i
n
 e
s
t
i
m
a
t
i
n
g
 

i
n
v
e
s
t
m
e
n
t
 a
nd
 
o
p
e
r
a
t
i
o
n
s
 c
o
s
t
s
 a
p
p
e
a
r
 
to
 
b
e
 s
i
m
p
l
y
 b
o
o
k
k
e
e
p
i
n
g
;
 s
o
m
e
 o
f 
t
h
e
 o
p
e
r
a
t
i
o
n
s
 c
o
s
t
 

a
s
s
o
c
i
a
t
e
d
 w
i
t
h
 
f
a
c
i
l
i
t
i
e
s
 i
n
 t
he
 M
a
r
t
i
n
 m
o
d
e
l
 
a
r
e
 
c
o
n
s
i
d
e
r
e
d
 
i
n
 
th
e 
A
e
r
o
s
p
a
c
e
 m
o
d
e
l
 
t
o
 b
e 
i
n
v
e
s
t
m
e
n
t
 

co
st
s.
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M
I
S
S
I
O
N
 M
O
D
E
L
 F
O
R
 C
O
S
T
 E
V
A
L
U
A
T
I
O
N
 

T
h
e
 c
o
s
t
 
e
s
t
i
m
a
t
e
s
 p
re
se
nt
ed
 
i
n
 F
ig
. 
6
-
1
 a
r
e
 b
as
ed
 
o
n
 1
0-
ye
ar
 o
p
e
r
a
t
i
o
n
s
 o
f
 
a
 5
-
v
e
h
i
c
l
e
 

f
l
e
e
t
 c
a
p
a
b
l
e
 o
f
 c
o
m
p
l
e
t
i
n
g
 4
1
9
7
 f
l
i
g
h
t
s
.
 
T
h
e
 u
t
i
l
i
z
a
t
i
o
n
 r
a
t
e
 f
o
r
 
t
h
e
 v
e
h
i
c
l
e
s
 
i
s
 h
i
g
h
 c
o
m
p
a
r
e
d
 

to
 
th
at
 
f
o
r
 
t
h
e
 S
h
u
t
t
l
e
 b
e
c
a
u
s
e
 o
f
 t
wo
 
f
a
c
t
o
r
s
:
 

(1
) 
a
 
1-
da
y 
a
v
e
r
a
g
e
 m
i
s
s
i
o
n
 d
u
r
a
t
i
o
n
 
(c
om
pa
re
d 

to
 

a
 
1
4
-
d
a
y
 a
v
e
r
a
g
e
 m
i
s
s
i
o
n
 d
u
r
a
t
i
o
n
 f
o
r
 t
he
 
Sh
ut
tl
e)
, 

an
d 

(2
) 

s
c
h
e
d
u
l
e
d
 m
a
i
n
t
e
n
a
n
c
e
.
 
A
 
1-
da
y 
a
v
e
r
a
g
e
 

m
i
s
s
i
o
n
 
i
s
 p
r
o
p
o
s
e
d
 
a
s
 r
e
a
l
i
s
t
i
c
 f
o
r
 t
h
e
s
e
 v
e
h
i
c
l
e
s
 b
as
ed
 
o
n
 
th
e 
m
i
s
s
i
o
n
 a
s
s
e
s
s
m
e
n
t
 i
n
 w
h
i
c
h
 a
 
n
e
w
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 C
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-
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A
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R
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A
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A
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U
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E
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P
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N
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L
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R
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R
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O
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tie
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la
u

n
c

h
 v

e
h

ic
le

 i
n

 t
h

e
 f

u
tu

re
 w

o
u

ld
 

d
e

li
v

e
r 

c
a

rg
o

 a
n

d
/o

r 
p

a
ss

e
n

g
e

rs
 

to
 a

 
li

m
it

e
d

 n
u

m
b

er
 

o
f 

d
e

s
ti

n
a

ti
o

n
s

 . 

S
ch

ed
u

le
d

 m
a

in
te

n
a

n
c

e
 a

p
p

e
a

rs
 t

o
 b

e
 m

o
re

 
a

p
p

ro
p

ri
a

te
 f

o
r 

a
 

fu
ll

y
 r

e
u

sa
b

le
 

la
u

n
c

h
 v

e
h

ic
le

 

th
a

n
 a

n
 a

s-
y

o
u

-g
o

 
m

a
in

te
n

a
n

c
e

 p
h

il
o

so
p

h
y

 a
s

s
o

c
ia

te
d

 w
it

h
 a

 
p

a
rt

ia
ll

y
 r

e
s

u
a

b
le

 l
a

u
n

c
h

 v
e

h
ic

le
 s

u
c

h
 

a
s

 t
h

e
 S

h
u

tt
le

, 
w

h
er

e 
re

c
o

v
e

ry
 a

n
d

 
re

fu
rb

is
h

m
e

n
t 

o
p

e
ra

ti
o

n
s 

a
re

 r
e

q
u

ir
e

d
. 

F
ig

u
re

 6
-3

 
p

re
s

e
n

ts
 a

 

m
a

in
te

n
a

n
c

e
 s

c
h

e
d

u
le

 w
h

ic
h

 
sp

a
n

s 
th

e
 e

n
ti

re
 o

p
e

ra
ti

o
n

a
l 

l
i

f
t

 o
f 

th
e

 v
e

h
ic

le
. 

I
t 

is
 p

ro
p

o
se

d
 

th
a

t 

a
f

te
r

 1
1

2
 m

is
si

o
n

s 
th

e
 o

rb
it

e
r 

w
i

l
l

 u
n

d
e

rg
o

 a
n

 e
n

g
in

e
 c

h
an

g
eo

u
t.

 
A

ft
e

r 
4

4
8

 m
is

si
o

n
s 

i
t
 i

s
 o

v
e

r-
 

h
a

u
le

d
, 

an
d

 
a

f
te

r
 t

w
o

 o
v

e
rh

a
u

ls
 i

t
 
is

 r
e

ti
re

d
. 

O
v

e
rh

a
u

ls
 

an
d

 
e

n
g

in
e

 c
h

a
n

g
e

o
u

ts
 a

r
e

 m
a
d
e
 

in
 c

e
n

tr
a

l-
 

iz
e

d
 m

a
in

te
n

a
n

c
e

 
fa

c
il

it
ie

s
. 

A
s 

n
o

te
d

 
in

 S
ec

. 
2

.3
, 

tu
rn

a
ro

u
n

d
 

ti
m

e
s

 f
o

r 
tw

o
-s

ta
g

e
 

a
ir

-b
re

a
th

in
g

 
v

e
h

ic
le

s
 a

re
 e

st
im

a
te

d
 

to
 

b
e

 6
0

 h
o

u
rs

. 
S

im
il

a
r 

tu
rn

a
ro

u
n

d
 

ti
m

e
s 

h
av

e 
b

ee
n

 
p

ro
p

o
se

d
 

b
y

 
th

e
 M

a
rt

in
 

C
om

pa
ny

 
f

o
r

 t
h

e
 S

ST
O

-V
TO

 

v
e

h
ic

le
, 

an
d

 
th

e
 B

o
ei

n
g

 C
om

pa
ny

 
h

a
s 

e
st

im
a

te
d

 a
 

1
8

0
-h

o
u

r 
tu

rn
a

ro
u

n
d

 
ti

m
e
 

fo
r 

th
e

 S
ST

O
-II

T
O

. 
H

o
w

ev
er

, 

as
su

m
in

g
 a

 
fu

ll
y

 r
e

u
sa

b
le

 p
ro

te
c

ti
o

n
 s

y
st

e
m

 i
s
 d

e
v

e
lo

p
e

d
, 

th
e

 S
ST

O
-H

TO
 

m
ig

h
t 

a
ls

o
 a

c
h

ie
v

e
 a

 
6

0
-h

o
u

r 

tu
rn

a
ro

u
n

d
 

ti
m

e
. 

S
o

 a
s

 n
o

t 
to

 u
n

re
a

li
s

ti
c

a
ll

y
 p

e
n

a
li

z
e

 t
h

e
 S

ST
O

-H
T

O
, 

a
 

6
0

-h
o

u
r 

tu
rn

a
ro

u
n

d
 
ti

m
e
 

w
as

 
~

s
s

u
m

e
d

 fo
r 

c
o

s
ti

n
g

 p
u

rp
o

se
s.

 

T
h

e 
m

is
si

o
n

 c
a

p
a

b
il

it
y

 
(F

ig
. 

6-
4)

 
o

f 
e

a
c

h
 

la
a

n
c

h
 v

e
h

ic
le

 i
s
 d

e
te

rm
in

e
d

 b
y

 
co

m
b

in
in

g
 t

h
e

 m
ai

n
- 

* 
te

n
a

n
c

e
 

sc
h

e
d

u
le

 (
in

c
lu

d
in

g
 u

n
sc

h
e

d
u

le
d

 m
a

in
te

n
a

n
c

e
, 
\
 =

 
0

.9
5

 
),

 
a

v
e

ra
g

e
 f

li
g

h
t 

d
u

ra
ti

o
n

, 
an

d
 

th
e

 

tu
rn

a
ro

u
n

d
 

ti
m

e.
 

A
 

to
ta

l 
e

x
p

e
c

te
d

 v
e

h
ic

le
 l

if
e

ti
m

e
 o

f 
5

9
3

2
 d

a
y

s 
(1

6
.2

5
 

y
e

a
rs

) 
is

 p
ro

je
c

te
d

. 
T

h
e 

m
is

si
o

n
 

fa
c

to
r 

(t
o

ta
l 

nu
m

be
r 

o
f 

m
is

si
o

n
s 

d
iv

id
e

d
 b

y
 

v
e

h
ic

le
 l

if
e

ti
m

e
) 

is
 0

.2
3

, 
co

m
p

ar
ed

 
to

 a
p

p
ro

x
i-

 

m
a

te
ly

 
0

.1
4

 
fo

r 
th

e
 S

h
u

tt
le

 
(n

o
t 

in
c

lu
d

in
g

 o
v

e
rh

a
u

l 
ti

m
e

).
 

B
as

ed
 

o
n

 a
 m

is
si

o
n

 
fa

c
to

r 
o

f 
0

.2
3

, 

ea
ch

 
la

u
n

c
h

 v
e

h
ic

le
 w

o
u

ld
 

b
e

 c
a

p
a

b
le

 o
f 

8
3

9
 

m
is

si
o

n
s 

d
u

ri
n

g
 a

 
1

0
-y

ea
r 

o
p

e
ra

ti
n

g
 p

e
ri

o
d

; 
o

r,
 

f
o

r
 a

 

* R
ep

ro
g

ra
m

m
ab

le
 

re
li

a
b

il
it

y
, 







fi
v

e
-v

e
h

ic
le

 
fl

e
e

t,
 

4
1
9
7
 m

is
si

o
n

s 
c

o
u

ld
 b

e
 f

lo
w

n
. 

C
om

pa
re

d 
to

 c
u

rr
e

n
t 

o
p

e
ra

ti
o

n
a

l 
p

ro
je

c
ti

o
n

s
 

o
f 

la
u

n
c

h
 v

e
h

ic
le

 d
em

an
d
, 

4
2
0
 m

is
si

o
n

s 
p

e
r 

y
e

a
r 

is
 u

n
re

a
li

s
ti

c
. 

H
o
w

ev
er

, 
to

 a
v

o
id

 
d

is
c

u
s
s
io

n
 a

b
o

u
t 

th
e

 v
a

li
d

it
y

 o
f 

s
p

e
c

if
ic

 m
is

si
o

n
 m

o
d

el
s,

 
c

o
s

t 
c
o

m
p

a
ri

so
n

s 
b

et
w

ee
n

 
th

e
 l

a
u

n
c

h
 v

e
h

ic
le

 o
p

ti
o

n
s
 c

o
n

- 

si
d

e
re

d
 

in
 t

h
e

 s
tu

d
y

 a
re

 b
as

ed
 

o
n
 

th
e

 m
ax

im
um

 
p

o
te

n
ti

a
ls

 o
f 

th
e

 l
a

u
n

c
h

 v
e

h
ic

le
s
, 

w
h

ic
h

 p
ro

v
id

e
 a

n
 

in
d

ic
a

ti
o

n
 o

f 
th

e
 m

in
im

um
 

c
o

s
t 

p
e

r 
f

li
g

h
t 

th
a

t 
m

ay
 

b
e

 a
c

h
ie

v
a

b
le

 w
it

n
 

ea
ch

. 
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PE
R

A
T
IO

N
S 

C
O

ST
S 
P
E
R
 F

L
IG

H
T

 

A
 
co

m
p

ar
is

o
n

 
o

f 
e

st
im

a
te

d
 o

p
e

ra
ti

o
n

s 
c

o
s

ts
 p

e
r 

fl
ig

h
t 

is
 s

ho
w

n 
in

 F
ig

. 
6

-5
, 

in
d

ic
a

ti
n

g
 t

h
a

t 

c
o

s
ts

 p
e

r 
fl

ig
h

t 
b

et
w

ee
n

 
$2
.5
M 

an
d

 
$3
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AERO SURFACES 

Aluminum S h e e t  

Alurrinum S/S/F' 

T i t an ium S h e e t  

T i t a n i u m  S/S/F  

s s steel2 

L 605 A l l o y  

TABLE C - 2  

STRUCTURE MTER!AL/CONSTRUCTiON FACTORS 

VTO - SINGLE-STAGE-TO-ORP I T  

Combined f a c t o r  1 .74  

BODYITANK STRUCTURE 

Aluminum S h e e r  

Aluminum S/S/F  

T i t an ium S h e e t  

T i t an ium S/S/F 

S  S  S t e e l  

Rene '41, e t c .  

T H E W  PROTECTION SYSTEII 

Columbium 

T i t a n i  urn 

L 605 Al loy  

S  S  S t e e l  

Rene '41, etc.  

0.06 

0.40 

0.06 

0.35 

0.39 
-- - 

Combined f a c t o r  1 . 2 6  

0.53 - 
Combined i ac t o r  3 . 3 3  

'~k-!~, 'Jcr in~er/  t rame.  
' super  s t a i n l e s s  s t e e l  ( h i g h  t e m p e r a t u r e ) .  



TABLE C-2  (Cont. ) 

STRUCTURE WTERIAL/CONSTRUCTION FACTORS 

ORBITER 

AERO SURFACES 

Aluminum Sheet 

Alqminum S/S/F 

Titanium Sheet 

Titanium S/S/F 

S S S t e e l  

L 605 Alloy 

BODY~TANK STRUCTURE 

Aluminum Sheet 

Almi.~um S/S/F 

Titanium Sheet 

Titanium S/S/F 

S S S t e e l  

Rene '41, e t c .  

THERMAL PROTECTTO:! SYSTEM 

Columbium 

Titanium 

L 605 Alloy 

S S S t e e l  

Rene '41, e t c .  

0.06 

0.10 

0.28 

0.81 

0.13 

0.31 - 
Combined f a c t o r  1.69 

0.06 

0.40 

0.11 

0.58 

0.17 

0.05 - 
Combined f a c t o r  1.37 

0.53 - 
Combined f a c t o r  3.33 



T A e L E  C - 2  (Con:.! 

AERO SURFACES 

Aluminum Sheet 

Aluminum S/S/F 

Titanium Sheet 

Titanium S/S/F 

S S S t e e l  

L 605 Alloy 

BODY / TLLK STRUCTURE 

STRUCTURE MATER I A L / C O N S T R U C T I  ON FACTORS 
MACH NO. 10 BOOSTER 

Aluminum Sheet 

Aluminum S / S / F 

Titanium Sheet 

Titanium S/S/F 

S S S t e e l  

Rene '41, e t c .  

THERMAL PROTECT J Ch SY STE?? -.. 

Columbium 

Titanium 

L 605 Allow 

S S Stee l  

Rene '41 e t c .  

0 .03  

0.10 

0 . 2 8  

0.92 

0.07 

0 . 3 1  - 
Combined factor 1 . 7 4  

0 .06  

0 .40  

0 .04  

0 .  35 

0 .39  
-. 

-- 
Combined factor 1-26 

1.38 

0.37  

0.31 

0..53 - 
Combined factor 2 .59  



TABLE C-2 (Cont. ) 

STRUCTURE MATERIALICONSTRUCTIOPi  FACTORS 
MACH NO. 3.5 BOOSTER 

AERO SURFACES 

Aluminum Sheet 

Aluminum S / S / F 
Titanium Sheet 

Titanium S/S/F 

S S Steel 

L 605 Alloy 

BODY / TANK STRUCTURE 

Aluminum Sheet 

Aluminum S /S/F 

Titanium Sheet 

Titanium S / S / F  

S S Steel 

Rene '41, etc. 

-- - 
Combined factor 1.06 

-- 
- 

Combined factor 1.17 



AERO SURFACES 

Aluminum Sheet 

Aluminum S/S/F 

Titanium Sheet 

Titanium S/S/F 

S S Steel 

L 605 Alloy 

B W Y  / TANK STRUCTURE 

Aluminum Sheet 

Aluminum S/S/F 

Titanium Pheet 

Titanium S/S/F 

S S Steel 

Rene '41, etc. 

TABLE C-2 (Cont. ) 

STRUCTURE MATERIAL/CONSTRUCTION FACTORS 

MACH NO. 0.8 BOOSTER 

Combined factor 0.95 

-- - 
Combined factor 0.99 



TABLE C-3 

SINGLE-STAGE-TO-ORBIT (VTO) 

COST 
COST ELEMENT OEIICNATION 1 0181TER 1 lOOSTER SYSTEM EOS TOTAL 

1000 / TOTAL ROT&€ 1 1 760.7 I 
1100 / CONCEPTUAL AND OEFlNTlON PHASE 1 1 I 47.2 

1110 Conceptual Studies IContmtor) 3.4 

- - - -  - 
1130 / Other Study SUPPOR- 

1140 I SEnD Contractor(J 

1 1218 I Drop Tanks 1 1 I 1 -- I 
1 1220 1 Propulsion ! 1 1 1 1234.5 ; 

! 

, 1120 / Program Definition Studies (Contnctod 1 
- - - - - - 

- - 

1212 ( Landing Gear 

1213 ( Thermal Protection S y n m  

30.3 

1214 

1214-1 

I 
... 
F I -- 

I I I 317.6 I ' 

I I i 1230 ( Vehicle Integration 1 ' 129.5 1 

6792.0 , 
1 2623.1 

I 999.9 

- - - - - 

13.5 

1200 I ENGINEERING OEVELOPMENT PHASE 

1210 / Air Frame 

Avionics 

Guidance and Navigat~on 

1 

1214.2 / Communications 1 1 

7- - - 
- - - -  - - - - -- -- -- - - - - - 

1 1240 I Initial Tooling i I I i 303.9 I 
I 

I 

1211 

547.9 1 

144.8 

1221 I Rocket Engines - Primaly 

-- 

t 

Stnrcture 

I I 

I 1 1118.0 I 

1211-1 

121 1-2 

121 1-3 

i 

I 121 4-3 I Instnrmentation/Panels 

1222 I I I 1 -- I 
I 

Rocket Eng~nes - Secondary 
I 

I 

1223 1 Air4reatbing Engmes I ! I 
I -- I 

1224 
I 
I Orientat~on Control 1 1 i I 1 116.5 I 

I 
I 

Aerodynamic Surface 

BadyITank S t ~ c t u r e  

Nonintegral Tanks 

117.0 1 
1 

1 286.1 1 

1 196.4 

1 803.5 

11211.4 j Other 

1215 1 Power Supply and Oistnbunon I 1 338.8 I 
12151 ( Efwtrical Power I I 1 1 268.5 

I -- 

1215-2 

I i i -- I *  

! 1 Hydraulic Powsr 70.3 

418.9 ! 
-- 1 

1 1216 Environmantal Control & Life Support 

1217 Emeroencv I 



TABLE C-3 (Cont.) 

SINGLE-STAGE-TO-ORB IT (VTO) 

COST ELEMENT OESIGNATION 

1261 Ground Test 1 6 3 2 . 6  

1262 I Flight Test 4 2 1 . 7  

1270 ! Test Operations 1 4 1 4 . 0  

1271 [ Ground Test I 
1 5 7 . 0  

1272 1 Flight Test 1 1 1 3 7 . 5  

I I 
1272.1 Horizontai I 6 8 . 2  

I 1272-2 / Vertical 1 69 .3  

1273 1 Wind Tunnei Test 1 1 1 1 9 . 5  
.I 

1280 / Facilities and Eouipment I I ! 7 5 6 . 9 . 1  

1281 I Vehicle Test Facilities 1 1 I 1 2 6 . 3  1 1 

1282 I Engine Test Facilities 1 1 / 1 1 9 . 9  !h 
I 

1283 Launch Facilities I 1 7 8 . 0  I' 
1284 Operational & Maintenance Facilities 1 1 4 1 . 8  1 

I I 1285 I Manufacturing Facilities 7 . 6  I 
I 

1286 ! Wind Tunnei Facilities I 1 I -- I 
1287 1 Propellant Production Facilities 1 I 1 f 57.8 ! 

I 

1288 1 Suppon Equipment 1 1 I -- i 
1289 

I I ! 
I Activation I 1 3 5 . 5  I 

1 I 

1290 I Training 1 1 1 1 8 . 8  / 
1291 I h m n n e l  I I 34 .5  1 
1291-1 / Flight Crew 1 t 1 29.7 1 

1291-2 / clround Crew 1 1 I 4 . 8  1 I 

1292 I 
I Simulators and Equioment I 1 1 1 8 4 . 3  1 

- - - 

1300 I SYSTEM I N ~ ~ R A T I O N  ENGINEE~ING / I I 1 2 1 9 . 3  1 I 

I 1310 
I 
I I I / Contractor Program Management 1 4 0 1 . 6  

I ! I 
1320 I SEfTO Contractor(sl ! i 1 -- i 

I i 1 

1400 / TECHNOLOGY SUPPORT PHASE ! -- i 

I i I 

1410 i Aerothermo Technology -- I 

1420 I StructureIMaterial Technology 1 I I ! -- I 

I 1430 j Propulsion Technology I I I -- I 



TABLE C-3  (Cont. ) 

SINGLE-STAGE-TO-ORBIT (VTO) 

I COST 

. - - -  -- - - -- 

I Operational & Maintenance Facilities I 

1440 

1500 

I 2150 / Ground Equipment 1 1 3 9 . 5  I 

ORBITER BOOSTER SYSTEM ELEMENT I NUMBER 

Other Technology 

GOVERNMENT PROGRAM MGMT. 

EOS TOTAL COST ELEMENT DESIGNATION 

2000 I TOTAL ItJVESTMENT 

-- 
5 7 . 8  

1 

- - - - -- - - - - - - -- - - - - - - - 

2130 I Manufacturing Facilities 1 

1 2220 ! R8'1 Vehicle Modifications 1 1 1 1 1 2 6 . 5  1 -  

1 

2140 1 Propellant Production Facilities 1 

-- I 
1 4 1 . 6  

I 

I 

1 -- 
1 1 1 1 . 6  

i i I 2160 / Suopon Equipment 

2340 I Additional and S u v L ~ i n p  Tooling 1 1 1 -- 
, 2350 1 Contractor Prooram Manaaernent 1 I -- I 

2 3 6 1 . 0  

2200 I REUSABLE VEHICLE FLEET 1 1 1 1 2 1 9 1 . 2  

2210 I New Vehicle Manufacturing I 1 1 4 2 8 . 3  1 %  
2170 

-- - -- -- - -- - - 

2230 I Initial S p a n  1 1 I 
2240 I 

1 2400 i GOVERNMENT PROGRAM MGMT. I ! I i 1 8 0 . 9  

1 3000 1 TOTAL OPERATIONS I , 112,460.4 ! I 

I I 

r j I 

1 3100 / OPERATIONS 1 I 1 1 6 1 8 . 8  ! 
1 3110 

I I I 

] bunch Operations I 1 ! 5 5 . 0  

I I I 3120 / Recovery rlperationr I 2 5 . 7  ! 
3130 i Command and Control i I ! ~45.6 

I 

, 
3140 I Replacement Training I 1 i 5 0 . 6  

I 

I 

Activation 

1 4 2 . 8  / 
I I Sustaining Tooling I 

I 
45.6 1 

2250 / Engineering Suppon I 1 I I 285, 
1 6 2 . 3  1 
-- 1 

' 2260 I Contractor Program Management 1 1 1 

2300 ( EXPENOABLE HARDWARE 1 1 I -- 

2320 . 1 Sparessupport I 

2330 
I 

Engineering Support I 1 
- 

I -- ! 

2270 1 SEITD Contractorlsl 1 



T A B L E  C - 3  (Cant.) 

SINGLE-STAGE-TO-ORB,IT (VTO)  

- 

3150 1 Facility & Equipment Maintenance 1 1 I 387.1 1 
1 

COST 
ELEMENT COST ELEMENT OESIGNATION 1 NYMI IR  1 ORBITER 800STE3 I 

1 3162 1 Space-Qsed Maintenanre Operations I 1 I -- 1 

I 1 159.9 

227.2 

3151 1 Launch & Maintenance Facilities I 

3160 ' 

3161 

I I 
3170 In-Plant Engineering Support I 1 269.6 / 

SYSTEM 

3152 

1 3180 1 Program Integration and Management I 1 1 168.5 

EOS TOTAL 

Ground & Support Epuiprnat I 

t r I I 

Vehicle Maintenance 

Ground-Batad Maintenance Operations 

513.7 

513.7 

321 1 Structure 1 i 1 678.8 1 
3200 

321 0 

SPARES AND PROPELLANT SUPPORT 

FollowOn Spares 

3212 1 Thermal Protection System 

1 4114 / Other 1 1 I I 
! I -- 

I I I , i ! 4120 ! Landing Gaar I 0.3 
I i i ! 4130 ! Thermal Protection System I ' 14-3.9 i 

I i I 1 (140 1 Avionics ! 
26.6 I 

10.671.1 

8645.5 

3221 1 Basic Cost (Ground-lased) 1 
1 -- 

3300 / RANGE/BASE SUPPORT 1 1 170.5 

i i I 1 4141 
I 

Guidance and Navigation 1 12.2 1 

1 1 3019.7 / 

421.7 
I 

331.9 1 
107.8 / 
41.6 1 

I 

66.2 1 

-_ ! 
I 

$ 
F 

3213 Rocket Engines 4 
3214 Air-Breathing Engines 

I I 4000 

I 
3215 1 Subsynems I I 1 4060.6 

3216 Other I -- 
3217 1 Transportation (Space-Based) I -- , 
3220 / Propellants and Gases 1 2025.6 1 

886.4 . 
-- 

AIR VEHICLE FIRST UNIT COST 

4100 AIR FRAME ! I 
4110 1 Structure I 1 
41 11 1 Aerodynamic Surfaces 1 I I 

I 1 41 12 / BadyITank Structure I 
[ 4113 1 Nonintqnl Tanks i I I 1 



TABLE C-3 (Cont.) 

SINGLE-STAGE-TO-ORBIT (VTO) 

4142 

4143 

4150 

4151 

41 52 

4160 

4170 

4200 

4210 

4220 

4230 

4240 

4300 

Communication 

Innrumentation/Panels 

Power Supply & Distribution 

Electrical Powrr 

5000 / DROP TANK FIRST UNIT  COST 

10.1 

14.0 

33.8 

25.6 

Hydraulic Power 

Environmental Control & Life Support 

Emeqency Recovery 

PROPULSION 

Rocket Eng~nes - Primary 

Rocket Engines - Secondary 

Air-Breathing Engines 

Orientation Control Thrusters 

INTEGRATION, ASSEMBLY, 
CHECKOUT, AND TEST 

-- 

r i 

- r - 

o 
2 

- 

8 . 2  

19.5 

-- 
7 5 . 3  

48 .0  
-- 
-- 
2 7 . 3  

1 4 . 5  



TABLE C-4 

TWO-STAGE 

(Subsonic Staging, Sing1 e-Booster) 

~- -- 

I / Vehiclr Integration 1 106.3  57.4  : 158 .6  

1000 

1100 

1110 

1120 

1130 

1140 

1 1211-4 / Other I I 7 a 
1212 I Landing Gear F 

1213 I Thermal Protaction System 294.6 1 I 
1214 Avionics 547.9  1 140 .3  I 

1240 ! Initial Tooling ' 325.2 501 .3  ! 826 .5  j 

5432.6 

4907.2  

TOTAL ROT&E 

CONCEPTUAL AN0 OEFlNTlON PHASE 

Conceptual Studin (Contractor) 

Program Oafinition Studies (Contractor) 

Other Studv Support 

S U T O  Contractods) 

1214-1 1 Guidanca and Navigation 

1200 I ENGINEERING OEYELDPMENT PHASE 

117.2  1 35.2  

3159.1 1 797.3 / 9 0 2 2 . 6 ,  

1210 Air Frame 1 2353.4 
2842.3 

- 

1264.3  
121 1 

1211-1 

121 1-2 

I 

I 

i 3617.7 , 
I 

1214-2 

852.8  1 
507.0  / 
345.8  1 

I 

I 
I 
I 

47 .2  1 4 7 . 2  

3 .4  1 

1211-3 1 Nonintwral Tanks 

1 

30.3  

1 3 . 5  

591.4  
- - - - -- 

Structure 

Aerodynamic Surface 

BodylTank S t ~ c t u r e  

Communications 1 144 .8  

8340.9 
- 

947.4  

31b. 4  

633.0 

20 .6  1 , 1 I 
. 84.5 1 

I 

1214-3 1 I nst~mentationiPanels 286.1  
1215 / Power Supply and Distribution 250.8 , . 271.2 1 
12111 1 Eiectricd Power I 199.5  i : 212.0  I I 

I 1215-2 1 Hydraulic Powr  5 1 . 3  1 59 .2  
1216 Environmental  onn no^ L ~ i t e  ~ u p p o n l  312.7 
1217 / ~mergency 

1 
I 

1218 / Orop Tanks I I 1 I I 

I + 
1 1220 ! Propulsion 1 242.6 1 90 .4  ' 333.0 1 

I I I 

1221 I Rocket Engines - Primary 1 1 2 6 . 2 :  

1222 i Rocket Engines - Secondary 1 I I 

I 
I 1 1223 1 Air-Sreathing Engines 90.4  / I 1 

1224 I Orientation Control 116.k 1 I I 



TABLE C-4 (Cont.) 

TWO-STAGE 

(Subsonic Staging, S i  ngl e-Booster) 

I 

Ground Eauioment 58.2 

COST 
ELEMENT 
NUMBER 

. . 

1260 Test Hardwan 968.0 1 507.3 1 1 1475.0 1 

1 1271 1 Ground Test 1 137.8 1 115.9 1 I 1 

COST ELEMENT OESIGNATlON 0R81TER EOOSTER 

- - 

1 8 7  I Proodlant Production Facilities I 

1272 

1272.1 

1272-2 

1273 

1282 I Enpine T m  Facilities 

SYSTEM 

68.2 

68.2 

Flight Test 

Horizontal 

Vertical 

Wind Tunnel Test 

59.9 1 59.9 

EOS TOTAL 

1280 1 Facilirias and Equipment 

1281 I Vehicle Test Facilities I 58.3 

-- - -- 

I 
-- - - 

68.2 

68.2 

63.2 1 I 

-- 

70.5 1 

70.5 
I 

I 1 - 
217.0 

1283 1 Launch Facilitia I I 

126.4 

1286 I Wind Tunnel Facilities I I I 1 1 

1284 

1288 I Support Equipment 1 57.8 I 1 

56.6 

429.8 144.0 

Oparaiond & Mainttnanca Facilities 

700.2 

I 
152.5 

I 
I 
1 

284.3 1 
8 

575.0 1 

1289 I Actwanon 1 I I j 155.0 
I 

1290 I Training 1 77.4 i 40.6 1 34.5 

1285 I Manufacturing Facilities 8-2 1 20.9 

34.5 
I 

I 29.7 

1291 / s lnonnd I 

1320 / SEITD Cantracror(r) 1 1 
I 

1400 I TECHNOLOGY SUPPORT PHASE I I 
I 

1 2 9 1 - 2  I Ground Crew I I 4.8 

1 Simulators and Equipment [ 77.4 1 40.6 1 1292 

1300 I SYSTEM INTEGRATION ENGINEERING / 177.7 i 100.2 i 6.4 

1310 I Contractor Program Management 1 347.7 216.6 1 1.0.7 

1291-1 

I 
J 

I 
1 

flight C r w  

[ 1410 1 1 1 I I I Aerothermo Technolow I I 



TABLE C-4 (Cant ) 

TWO-STAGE 

(Subsonic Stag1 ng, Sing1 e-Booster) 

COST \ I ELEMENT / COST ELEMENT OESIGNATION I BOOSTER I EOSTOTAL I : 
NUMBER 0 I 

1440 

1500 

Othw Technology 

GOVERNMENT PROGRAM MGMT. 

-- - -- - - - - - - - - - - - 

21 60 

~4 

I 
I 

I 
I 

I 
I 
I 

I I 

I 

2140 

2150 

- -- 

I 57.8 1 57.8 I , ; 

1 131.1 1 I 1 2230 1 Initial Suarr 68.7 1 199.8 1 

1 I 

3600.2 

I I 
2000 I TOTAL INVESTMENT 

Pmpdlant Production Facilitia 1 
Ground Equipment 1 112.9 48.8 1 

I i hiupport Equipment 

1 129.4 1 1 2 9 . 4 ,  

2053.4 1 1117.0 1 3170.4 

2170 

221 0 I New Vehicle Manuhrturing 

I 2240 I Sustaining Tooling 1 55.6 I 1 80.5 1 1 136.1 / g  

2166.3 

112.9 21W 

21 10 

I 
I 

I 
Activation 

FACILITIES AN0 EOUIPMENT 

hunch F r i l i t i u  

2200 I REUSABLEVEHICLE FLEET 

L 

2220 I R&0 Vh ic l r  Modifications 1 116.2 1 60.8 1 177.0 

1311.4 

1165.8 

48.8 

2120 ( Oprmtiond & Mainnnancr Fa&litia 

2130 I Mrnufacntring Fac l i t i r  

- -- 

2250 

268.1 

187.2 

686.9 1 

Enginewing Suppon 1 296.7 1 137.4 1 1 434.1 

1998.3 1 

225.1 1 2 
I I 

I 

1 '  2260 1 Conmctur Program Management 1 142.4 1 82.7 1 

- -- -- - 

i - I -  
-- 

2320 (<am ~ u p p o n  I 
2330 Engin8rring suppon I I i 

I 2340 ( Additional and Sustaining Tooling 1 I 

-- -- 

1 I ( 3130 
I 

1 Command and Control I ! I 

1 3140 I i / Replacemant Training I I 

I 
I I 

1 2310 / Hardwan Manufacturing I I 1 1 i 

2270 I SEITO ~ontmctor(s) 1 
I ! 2300 / EXPENOABLE HARDWARE 

- - 

-i j 
I 

I I 
I 

I ! 
- -- - 

2350 / Contractor Pmgnm Management 1 I 1 

I 
1 

1 2400 I GOVERNMENT PROGRAM MGMT. 

I I 
I I 

I 
I 

80.9 I 80.9 
, 

3000 1 TOTAL OPERATIONS I I I I 

b 

31 00 
I 
I OPERATIONS 1 1 I 

i 
! 

1 3110 I Launch Operations I 1 1 I 

/ 3120 I Recovery Operations 1 I I I ! 



TABLE C-4 (Cont. ) 

TWO-STAGE 

(Subsonic Staging, Sing1 e-Booster) 

I I 2140 / Pmpdlant Production Facilitia 57.8 1 57.8 1 : 

- 

EOS TOTAL 
COST I 

COST ELEMENT OESlriNATlON 1 ORBITER 1 8aOSTER 
NUMBER 

- - 

SYSTEM 

1440 [ Othar Tachnology 

1500 I GOVERNMENT PROGRAM MGMT. 

2170 ( Activation I I 1 129.4 1 129.4 1 0 

2166.3 

112.9 

2000 

21 00 

2110 

- - --- 

21 50 ( Ground Equipment 1 112.9 ( 48.8 

I I 2160 I SUPPOR Equipment 

2130 I Mmufaturina Facilitia 

TOTAL INVESTMENT 

FACILITIES AN0 EQUIPMENT 

bunch F r i l i t i a  

- - 
I 

161.7 1 I 
I 

I 

I 
I 

2120 I Opamtiond & Mainnnanca F acil it iu 

u 

-- - -- - - - - -- - 
Q 

2200 1 REUSABLE VEHICLE FLEET 1 2053.4 I 676.5 I 7 2729.9 ; $  

I I I 

2340 I Additiond and Sumining Tooling 1 I 
I 

1 
I 

I 

f 
I 
I 
I 
I 
I 

725.3 

48.8 

2210 I Naw Vahidl Manufacturing 

1 2300 1 EXPENDABLE HAROWARE 1 I I / I 

2350 I Contractor Pmgnm Manapnnmt I ! 1 j I 

1311.4 1 373.2 1 1 1684.6 
Y 

2310 I Hardwan Manufacturing 

2320 / soarm support 

141.6 

268.1 

187.2 

I 
I 
I 

141.6 

3159.7 

348.9 

I 

. 1 2 ~  
2220 R&O Vehicla Modifications 1 116.2 1 60.8 1 1 177.0 13- 
2230 1 Initial Spara 1 131.1 1 37.3 1 168.4 1 crr 

1 2240 1 Sustaining Tooling 55.6 1 80.5 1 136.1 I, I 2 

1 1 4 0 0  1 GOVERNMENT PROGRAM MGMT. 1 1 I 80.9 1 80.9 1 ;  

- 
, 

I I 
I 

/ 3000 j T OTAL OPERATIONS 1 9067.1 1 551.1 / 1736.4 
I 
1 3100 / OPERATIONS i I I 1594. 4 

1 2250 

2330 

11,354.6 I 
1594.4 ! 

296.7 1 74.6 Enginwring Support 

Endnoring Suppon I 

1 3110 ' Launch Operations I I 1 55.0 I -. 
I 3120 I 

75.7 
I ! I Recovery Opcntions I I I - 

I j / 3130 ! Command and Control 1 148.6 I 

. - 
I i 1 3140 1 Replacsrncnt Training I I 50.6  1 

I 7 1 .  12 
197.5 I r n  2260 Contmmr Program Managamant 1 142 4 1 50.1 

2270 I I 12 SE/TO Contractor(sl 1 



TABLE C-4 (Cont,) 

TWO-STAGE 

(Subsonic Staging, S i  ngle-Booster) 

COST ELEMENT OESIGNATION 

I 
1 4120 1 Landing Gear 1 0.2 ! 0.9 1 I 

I 1.1 1 
-- - -- 

j 4130 j Thermal Protection System 1 133.3 I 1 I 133.3 1 
/ 4140 i Avioni1,r 1 26.6 1 29.7 1 I 56.3 ' 

I 

I / 4141 Gu~dance and Navigation I 1 .  1 18.3 ; I 30.5 ! I 

m 
cO 
C 

-- 

3180 

1 3200 

3210 

- -- - --- - 

I 
1 168.5 1 

- -- 
Prognm Integration and Managemant 

SPARES AN0 PROPELLANT SUPPORT 

Followor: Sparm 

551.1 

540.3 

3216 

9067.1 

7543.9 

3211 I Structure 

1 9618.2 

3212 I Thrmal Protection System 

1 
I 

1523.2 1 10.8 
, 5 7 2  - 4 . -  7 1 10.8 

Other 

745.4 
-% 

I 

. 
60.8 1 I 

2797.2 1 
280.7 1 

I 261.5 

3213 

1 

I 
I 

t 
3217 

I 
I Transportation (Spa~bBased) 

3220 1 Propallrntr and Gucr 

3221 1 Basic Con (Gromd-Bated) 

I 
Rocket Engines 

I 3222 1 Trnspomtion Ci~a i:pac#,Bastdl I 

3214 1 Air-Rreath~ng Englnts 

3215 1 Subsynems 

I I 

3720.6 218.0 1 

142.0 

590.0 / 
477.1 

214.9 1 
146.8 1 

3300 / RANBEIBASE SUPPORT I 1 1 142.0 

41 12 1 BodyRank Structure 1 45.1 1 I 68.0 ! - 
I I 1 I 41 13 1 N m i n t r g d  Tanks 

1 

I 

387.2 1 202.81 

322.9 1 13.2 

118.4 1 96.5 - 

4000 j AIR VEHICLE FIRST UNIT COST 

41 1 1 1 Aerody nemic Surfaces 1 73.3 / 73.l 1 
23.0 1 

4100 AIR FRAME 

4110 , S t ~ ~ t ~ r 8  



TABLE C-4 (Cont. ) 

TWO-STAGE 

(Subsonic Staging,  S ingle-  Booster)  

4142 

4143 
h 

4150 

4151 

Communication 

InrtrumcmdonlPandt 

Pomr Supply & Distribution 

Electrid P o w  

41 52 

4160 

4170 

4200 

- 

4300 

5000 

- - - 

5 . 9  

1 9 . 5  

- - - - -- - - - - - - - - 

Hydnulic Powr  

Environmcntd Control & Lifc Support 

Emcrptncy Rccovnry 

PROPULSION 

6 . 4  

8 . 0  

2 4 . 9  

1 9 . 0  

I 

- 

INTEGRATION, ASSEMBLY, 
CHECKOUT, A N 0  TEST 

DROP TANK FIRST UXIT CCST 

6 . 9  

4210 

4220 

3 . 5  

7 . 9  

2 7 . 1  

20 .2  

1 2 . 8  

1 9 . 5  

Rockot Engines - Primary 

Rockn Engines - brconbry 

1 4 . 2  

13 .6  

21 .9  

5 ? . 0  

3 9 . 2  

9 0 . 3  

22 .  S 

5 0 . 1  

2 2 . 8  

r 

Airhath ing  Engines 

Orinntation Control Thrusten 

4 0 . 2  

8 . 4  

4 0 . 2  

2 7 . 3  2 7 . 3  

I % 

4 0 . 2  1 

2 2 . 6  - 



TABLE C-5  

TWO-STAGE 

(Subsonic Staging, Twi n-Boas t e r )  
i 

1 E L  1 COST EISIENT OEIICIATICN 
NUMBES 

1214-1 1 'hidmcr and Ndqatioq I I 1 1 
I 

I 
12142 Communications I I 1 

- -- - - -  
I 

1211 I ~tructurr 4 8 3 . 5  1 I 
1211-1 I Arrodynrmic Surfacr I i 

I 
- 

I 4 

/ 1215 I Power Supp!~ and Distribution I 1 1 3 4 . 7  1 I I - 
1 1 2 1 ~  I E l m r i d  Pomr I I I I i I 

ORBITER 

1211.2 

I 1218 I 
I Orop Tanks I I ! ! I 

BPOSTER 
I I SYSTEM 1 IOSTOTAL 

(one.) 1 I 

Bodyflank S t ~ n u n  2 3 9 . 7  1 1 I 

I 

2 0 7 7 . 4  1 7 9 7 . 3  , 8 3 0 7 . 3  

I 

! 

r 

lo00 I TOTAL ROT&€ 

'1211-3 1 Nonmtqnl Tank 

112114 1 Othrr 

- - - - - - - - - 

I I 1 1221 Rocka E n p m  - Pnrnary I I 
1 1222 

5432.6  

1200 I ENGINEERING OEVELOPMENT PHASE 

1 f 
1 I 

I Rockrt E n q m  - Secondary 

i 2077 .4  / I I 

I I 

1100 

Ill0 

1120 

I 1 1210 1 Air Fnmr I I 7 5 8 . 5  1 I 1 

- 
1212 1 landing Grrr I 1 1 1 

CONCEPTUAL AN0 OEFINTION PHASE 

Concuptud Studies (Contnctor) 

Program Orfinition Studiir (L'ontmtorl - 

1213 ( Thrnnd Pmtmion Systrm 

- i 
/ 1223 I Air-enrthtng Engma 1 I 

-. 

1130 1 Odln Study SUWOII 

1140 I SElfO Contnctodl 

i 1 I 

i 1224 I Onentatron Control I 

- 
1214 I ,\nonics 1 1 1 4 0 . 3  1 1 

I -7 

1 

I ! I 

I 1 1230 I Vehlclr lnt:qnt~on 3 0 . 9  



1 - 

. . . . . . -  " - L r *  P I !  

'TABLE C-5 (Cont. ) 

TWO-STAGE. 

(Subsonic Staging, Twi n-Boos ter) 

1250 Ground Equipmant 37.2 1 1 
1260 

1261 

1262 

- 

Honzc ~tal 1 
Venica 

I 1 1286 I h~nd Tunnel %ilities i I I 
I I i 

- - 

95.9 1 I 

I 

I i;Aitier and Equipnent I 1 127.9 1 1 

! 1287 ' Propellant Produrnon Facilities 1 1 1 I I 

Test Hardwan 

Ground Test 

Flight Tan 

Wind T u n d  Test 1 1 I 1 

Vehicle Tert Facilities 

Engine f e n  Facrlitia 

1290 1 I I I I Trainmg I 24.6 ! I j 
t 

1291 1 Personnel 1 1 1 I 1 

1 63.2 1 I 1 
I 

I 60.0 1 1 I co 

I I I 1291-1 1 Flight Crm I ! 1- 
1291-2 I Ground Crew I I 1 I I 

I I 24.6 1 I 1292 / Simulators and Equ~pment ! 

1300 / SYSTEM INTEGRATION ENGINEERING I 65.4 1 I I i 
I 

1310 / Contractor Program Management 1 j 1 3 7 , 7 1  1 ! 

1270 

352.8 

368.7 

245.8 

1370 SElTD Contrac?or(s) 1 1 ! ! 
1409 1 TECHNOLOGY SUPPORT PHASE f ! I I 

i I I 1410 1 Aerotherma Technology I - 
I 

1420 ! StrucrweiMarerial Technology I t I 

L~ / Prooutsion Technolow I I 1 I 

Test Oprrations 

1 

200.6 

105.1 

I I Launch Facilities 

1284 1 Operational & Msinmnancr Facilities 

A-- 

1271 I Ground Test 

1272 I Flight Ten 

I 

1 

I i 
cD 
? 

i 

. !  I I 

9 5 . 5  1 I 

1285 ( " ~nufarnrrinp Fsci~ities 1 ! 4.7 ' I 



TABLE C-5 (Cont. ) 

TWO-STAGE 

(Subsonic Staging, Twin-Booster) 

2000 1 TOTAL INVESTMENT 1 2166 .3  7 3 0 . 8  2 6 8 . 1  1 3165 .2  

2100 FACILITIES AND EQUIPMENT 2 6 . 0  

2110 Launch Facilities 

2120 1 O~en t i ond  & Maintens. cr  Facilities 

-- - -- - - -- -- - 

2140 I Pmpellant Pmduaion Fac~l i t iu  
I 

I 
1 

21 50 I Ground Equipment 2 6 . 0  1 
21 60 Support Equipment 1 
2170 Activation 

I 
I 

2200 I REUSABLE VEHICLE FLEET I 1 704.8 1 I I 
221 0 1 New Vehicle Manufamring 1 I 1 416.3 1 I 

I 

2220 I R&D Vehicle Modifications 73 .7  1 1 
2230 I ln~t ial  S ~ a m  I I 41.6 1 1 I 

1 2240 ! Sustaining Tooling 

-- - -- - - 

2160 I Conrractor Program ~anagerner;t 52.2 1 I 1 
2270 ( SE/TO Contranods, 1 1 I 

I 

i I 1 I 1 

( 2300 / EXPENOABLE HAROWARE 1 I 

-- -- -- - - 

I 
- 

2330 I I 
1 Engineering Suppon I I 

2340 I Additiond and Svminlng Tooling 1 
I 2150 

I 
I 

I Contractor Pmgram Management 
, -----; 

1 I 
I I 1 ! 

I 
1 2400 I GOVERNMCNT PROGRAM MGMT. i 1 I I I 

I ! 
4 

1 3000 I TOTAL OPERATIONS 1 9067.1 1 412.1 j 1 7 3 6 . 4  1 11215.6 i 
- - -  -- - - -- -- - 

i 3100 I OPERATIONS I I I I 
; 3110 I I I 1 Launch Operat~ons I 

1 3120 j Recovely Opet,oons 1 I I 

3130 I Command and Control , I 
I 

"- 
I i 1 3140 

I 

Replacement Traminq I I 1 



TABLE C-5 (Cont.) 

TWO-STAGE 

(Subsonic Staging , Twi n-Boos ter) 

COST 
COST ELEMENT OESlGNATlON / ORBITER I BOOSTER 

(one) 

- -  - -  - -  

1 3162 1 ~pac+0ased Maintenance Operations 1 

SYSTEM / I O I T O T A L  I 

Program Integration and Management 1 ! 1 
SPARES AN0 PROPELLANT SUPPORT 1 1 I 

I 

3150 ( Facility & Equipment Mai~tenance 

3151 ( Launch & Main?crnance Facilities 

3210 1 FollowCn Spares I 1' 3 7 9 . 9  I i I 

3152 

3160 

3213 1 Rocket Ensines 1 1 I 
3214 Air-Breathing Engines 188.0 / I I ' - 
3215 Subsystems 1 1 6 3 . 6 1  I 

Ground & ; ;?art Equipment 

Vehicle Mainten;. :e 

3161 1 Ground-Based Maintenance Operations 

1 3220 1 Propellants and Gases I 1 3 2 . 2  1 1 1 

3216 1 Other 

3217 1 Transportation (Space-Based) 
1 I 1 
I I 

i~ - -  - -  - -  I I 1 4140 1 Avionics 1 ' 29.7 1 I 1 - 
! j f 4141 i Guidance and Navigation I -  I 

- - -- - - 

( 3221 Basic Cost 1Ground-Based) 1 3 2 . 2  1 
3222 Transportation Cost (Space-Based) I I 1 

I 3300 / RANGEIBASE SUPPORT i I 
1 2 2 . 9  / I 4000 / AIR VEHICLE FIRST UNIT COST 3 8 7 . 2  

4100 I AIR FRAME 

4110 Structure 

I 8 8 . 2  1 
1 45.0 1 

1 
i 

41 1 1  1 Aerodynamic Sdrfxes I 35.2 1 I I 

I I 

I 4112 / BodklTank Structure i 9 . 8  1 I 

r 1 4.113 ' I Nonintegal Tanks ! ! 1 t 

I 

4114; ottlY --- I I I I I i i 
I I I ! 3 9 . 8  I 

I 4120 Landing Sear 
I I 

1 4130 ; Thermal Protection System 1 \ I / 



TABLE C-5 (Cont . )  

TWO- STAGE 

(Subsonic Staging, Twi n-Booster) 

COST 
ELEMENT COST ELEMENT OESIGNATION SYSTEM EOS TOTAL / YUM8EI 1 

4142 Communication 

4143 InstnrmentationlPaneIs 

4150 Power Supply & Oistribution 13.5 

4151 Electri J Powr  

41 52 

4160 

4170 

4200 

4210 

4220 

Hydraulic Power 

Environmental Control & Life Suppon 

Emergency Recovery 

PROPULSION 

Rocket Engines - Primary 

Rocket Engines - Secondary 

4230 

4240 

2 8 . 9  

I I I I I 

Air-Breathing Engines 

Orientation Control Thrusters 

4300 
5 . 8  

INTEGRATION, ASSEMBLY, 
CHECKOUT, AND TEST 

L 

P- 

h 
F 



TABLE C-6 

TWO-STAGE 
(Supersonic Staging)  

. \ 

COST 
ELEMENT COST ELEMENT OESlGNATlON ORBITER BOOSTER SYSTEM EOS TOTAL 
NUMBER 

I 1000 I TOTAL ROT&E [ 4 7 6 3 . 7  1 3 3 8 6 . 4 1  7 6 0 . 3  1 8 9 1 0 . 4  1 
! 

1100 I CONCEPTUAL AN0 OEFINTION PHASE I 
1110 

1120 

1130 

1140 

1 . 4 7 . 2  1 4 7 . 2  

I Conceptual Studies (Contractor) 

Program Oafinition Studies (Contractor) 

other Study u p p o r t  

SEnO Contractor(4 

1200 

- - - - - -- -- - - -- -- - - - 
1211-2 1 Bodynank Structure I 6 4 0 . 9  / 3 8 6 . 3 1 -  - - ! 

( 1213 1 Thermal Protection System 1 274 .9  1 1 1 ! 

3 . 4  

3 0 . 3  

1 3 . 5  

4 2 7 9 . 0  ENGINEERING DEVELOPMENT PHASE 

1211-3 

1211-4 I Other 

- -  

I 1214 I Avionics 

3 1 1 1 . 2  1 5 4 7 . 4  1 7 9 3 7 . 6  

I I 1 IN 

9 7 3 . 0  1 1 3 2 5 3 . 6  

6 9 8 . 0  1 I 

, 
1210 I Air Frame 1 2280 .6  

I 
Nonintegral Tanks 

, 1212 f Landing Gear 1 1 1 I$  

I I I 1 1222 Rocket Engines - Secondary I ! 
I 

I 

121 1 I Shuctura 

I I 1 I 

( 1223 I Air-Breathing Engines 1 ! 6 9 2 . 8  i 

1 1224 1 Orientation Control 1 1 1 6 . 4  1 I 1 I I 

( 1230 --- / Veh~cle Integration I 4 2 . 0  1 5 2 . 8  1 9 4 . 8  

9 2 8 . 1  

- 

1 
1 

- - -- - -- -- - --- - - 

1214-1 / Guidance and Navigation 1 1 1 7 . 2  / 3 5 . 2  

1240 ! ln~t ial  Tooling 1 3 7 1 . 0  i 3 6 0 . 6  I I 

7 3 1 . 6  

2 8 7 . 2  , I 511.7 / I 1 121 1-1 

I 
1214-2 1 Communications 

Aerodynamic Surface 

1 4 4 . 8  1 2 0 . 6  

I 
1214-3 - Inst~mentation/Panelr 

1215 1 Power Supply and Oinribution 

2 8 6 . 1  1 8 4 . 5  1 
2 1 7 . 8  

121 5-1 1 Electrical Power 1 1 7 6 . 7  

134 .7  1 
1 0 2 . 5  1 I 1 

3 2 . 2  4 1 . 1  

1216 

1215-2 I I 
Environmental Control 8 Life SUPPOR~ 312.7 1 

Hydraulic Powrr 

J 

1 

1217 Eme lency 1 
1218 1 Orop Tanks I 

1 1220 I Propulsm 1 242 .6  1 6 9 2 . 8  1 1 9 3 5 . 4  

i 1221 I 
I Rorket Ensines - Primarv ! 1 2 6 . 2  1 1 1 ! 

1 
I 
I 



TABLE C-6 (Cont. ) 

TWO-STAGE 
(Supersonic Staqi ng ) 

COST 
ELEMENT COST ELEMENT OESIGNATION ORBITER BOOSTER SYSTEM EOS TOTAL 
NUMBER (one> 

. . 1 

1260 

1261 

1262 

1270 

I 

660.8 1 1 1497.8 

- - -  - 
1271 / Gmund T a  10 9 T3 

I I 1273 I Wind Tunnel Test 

12b0 / Facilitie and Equipment 1 131.1 1 129.1 

1288 
I 
I support Equipment I 1 i I i 

- - - - 

95.9 

68.2 

74.6 1 
368.2 1 628.6 

' 1283 I Launch Facilities 

1284 1 Oprrationd & Maintensnca Facilities 

1285 I Manufacturing Facii it ir 

1286 ( Wind Tunnel Facilities 

I I I 
1289 Activation ! I 136.2 1 1 

Ten Hardware 

486.3 

283.2 1 

- - - - - - 

I 
70.1 1 68.2 

68.2 

1272 I Flight Test 

1 
, - 

1 1 - 
! I 174.2 1 

13.0 1 5.9 1 f I 
1 1 1 1 

I I 

1290 I Training 1 67.0 1 37.8 1 34.5 1 I 
139.3 i 

837.0 

377.6 

164.1 

68.2 1 1 
i 

I 70.1 1 1272-2 1 Vertical 1 
1272-1 

1287 I Propellant Producnon Facilities I I 1 57.8 1 
t j 

1291-1 Flight Crew 1 I 29.7 1 I 

144.7 

Horizontal 

58.3 1 63.2 ( 1281 

I 

1282 1 Engine Ten Facihiln 1 60.0 1 60.0 1 1 1 - 
Vehicle Ten Facilities 

- -- -- -- 

I SYSTEM INTEGRATION ENGINEERING 1 164.8 ' 92.6 I 9.0 1 266.4 I 
I 

Ground T m  

Flight Test 

1291-2 / Ground Crew 

-- - - - - - - - - - - - -- 

1310 I Contractor Program Management I 319.9 182.7 i 15.1 r 517.7 1 
I I 1 

1320 I SE/TO Contractorts) 1 I I 1 I 

1 

1400 / TECHNOLOGY SUPPORT PHASE 1 ! I I I 
r 

502.2 

334.8 

I i 1 1410 1 Aerotharrno Technoloav I 

Test Opemions 1 177.5 

. 
I i 

I 
1292 i Simulaton and Equipment ' I 67.0 1 37.8 1 1 ! 

1 
I 4.8 1 



TABLE C-6 (Cont.) 

TWO-STAGE 

(Supersonic Staging ) 

COST 
ELEMENT 
NUMBER 

1 2120 1 Onerational & Maintenance Facrlities 1 1 1 1 1 ! 

ORBITER COST ELEMENT OESIGNATION 

- lh0 1 Othtr Technology 

21 00 / FACILITIES AN0 EPUIPMFNT 

1 141.6 1500 

1 2170 
- 

1 Activation 

9 0 OSTE R 

141.6 GOVERNMENT PROGRAM MGMT. 

149.7 

2000 1 TOTAL INVESTMENT 

I 2110 I Launch Fa:ilitiet 

2130 1 Manufacturing Facilities 1 
I 21 40 I Ropellant Production Facilities 

I 

2210 / New Vehicle Manufacturing 1 1186.5 1 668.61 I h 
Y 
h b 

SYSTEM 

1989.2 

25.4 

I I I I 

1 I / I  
I 

21 50 / Ground Equiement 

1 , 
2200 1 REUSABLE VEHICLE FLEET 1 1839.5 / 1103.0) / 2942.5 

EOS TOTAL 

1 4  
1128.4 1 278.8 1 3396.4 1 1 

I 

1 57.8 1 
25.4 1 i 149.7 

6 
2 

- - 

1 i240 - / Sustaining Tooling 

I 
I 

197.9 1 373.0 

I 
I 
I 
I 

2220 ! R&O Vehicln Modifica?ions 

2230 1 Initial Soara 

I 

2260 1 Contractor Program Management 136.2 1 61.7 1 1 I ' I Lq : 
2270 ( SEnO Contnctor(J I I I - 

I 
1 

1 2300 I EXPENOABLE HAROWARE 1 1 

j 

105.1 / 118.4 / ! I?: 
118.7 1 66.9 1 1 I 

- - -- 
I 

b i I 2310 1 hrdware Manufacturing i I I i f 
I I I I 

I 
2320 . ( Sparer Support I ! 

I I 

2350 1 Contractor PI- .ram Management 1 I i I I 

! I 

I 
I 

I 2400 1 GOVERNMENT PROGRAM MGMT. 1 I 80.9 1 80.9 i 1 
4 

1 2330 ( Engineering Support 1 1 1 I f 

1 3000 I TOTAL OPERATIONS ! 1 1 1 I 

I 

-- 

I I I I 1 3100 i OPERATIONS I 

I I I 

1 i i 1 3110 / Launch Operations I 
1 
I 

1 3120 i Recovery Operations 

I 

I 1 3130 1 Command and Control 
I ! 

! 

[-3;0 I Replacmwnt Training 1 1 I I 

2340 I Additional and Sustaining Tooling 1 ! 



TABLE C-6 (Cont. j 

TWO- STAGE 

(Supersonic Staging) 

COST ELEMEhT OESlGNATlON 

4 

2000 TOTAL INVESTMENT 1989.2 ' 14i7.3 278.8 1 4185.3 

' 2100 FACl LlTlES AN0 EOUIPNNT 149.7 25.4 . 197.9 373.0 

2110 Launch Facilities 

2120 Opemiond & Maintenance Facilitia I I 
-- - - - - - - -  

- - 1  Manufacturing Facilities 
- 

2130 -r 
I 

I 

- 

2140 Propdlant Pmduct~on Facilities j 57.8 
I 

2150 / Ground Equipment 149.7 25.4 / 1 
21 60 Support Equipment 1 
2170 I Activation 1 140.1 / 

i - I 

I 2200 1 REusAeLE VEHICLE: FLEET I 1839.5 i 1891.9 i I 3731.4i 
-- - --  1 2210 p - / New Vlhicl( Manufacturing - 7 1 1 8 6 . 5  1 1230.51 

2220 R&D Vehicla Modificat~ons 105.1 1 118.4 1 1 I 
I 

I 

2230 , Initial Spares 1 1 1 8 . 7 ,  123.1 1 I I 

2240 
I 

Sustainmg Tooling 1 55.71 33.7 1 I I 

1 2250 1 E qlnsenng Support 237.3 1 246.1 1 I I 

2260 ( Contractor Program Management 136.2 1 140.1 ! 1 
2270 SElTD Contrsctor(si I 1 I I 

I 

1 2300 1 EXPENDABLE HARDWARE 
1 I 
I I 

I 1 I 

231 0 / Hardware Manuhctunng 1 I I 

2320 j S ~ ~ ~ S U P P ~ ~ ~  I I 
* 

I 
I 

2330 Engnaanng Support 1 I 
I 

I 1 2340 / Additional and Sustaining h o l i q  I I 
1 2350 1 Ccntractor Proslam Manaaament I 1 I 1 I 

, 

/ 2400 1 GOVERNMiNT PROGRAM MGMT. ! 1 1 80.9 1 80.9 
I 

3000 / TOTAL OPERATIO',S ( 7890.0 I , ..- - 769.8 1 1'29.1 / 10,389.8 1 
I I 4 

1 3100 1 OPERATIONS I I j 158?.1 ! 1587.1 , 

I ! I I I 

1 3110 / Launch Operations I 55.0 1 ! -- 
! 3120 ; Recovery Operations ! 35.7 1 
I I i 1 3130 j Command and Control ! i I 148.6 ' - , 3160 I I , 

1 I Replacement Training 1126 .- 



I . . . . . . .  

TABLE C-6 (Cont. ) 

TWO-STAGE 

(Supersonic Stag ing)  

1 COST I I I I 1 I 
COST ELEMENT OESiGNATION I ORBITER I 8OOSTER I SYSTEM I EosToTAL I 

~ - -~ -- -- - - - - - - - 

3150 ( Facility & Equipment Maintenance 355.4 1 
3151 1 Launch & Maintenance Facilities I 87.1 

- 

3180 / Program Integration and Management 

3200 ! SPARES AND PROPELLANT SUPPORT 

I 3210 1 FollovrOn S~ares 

I i 1 41 12 j BodylTank Structure I 46.4 I 32.8 1 

3152 

3160 

1 31 70 1 In-Plant Engineehp Support I I 1 269.6 1 1 

- 

Ground & Support Equipment 

Vehicle Maintenance 

- - - - 

7890.9 

3211 1 ~ t r u c t u n  

3212 1 Thermal Protection System 

268.3 

53.3.7 

513.7 3161 / Ground.Blud Maintenance Operations 

3162 1 Space4as.d Maintenance Operations 

628.9 1 46.6 / 
2362.9 

i 

280.7 321 3 

I I I 41 13 / Nonintegral Tanks 
I 

4114 i Other I I I 

1 414: I Guidance and Navigation I 12.2 1 18.1 1 1 

6897.8 1' 1076.6 1 I 

- - - - - -- - 

769.8 

'4 Rocket Engines 

I 

I 
1 

- - - - - - - -- 

1 4120 Landing Gear 1 0.3 1 0.3 1 I I 
4130 I Thermal Protectioc System ! 114.3 I 1 I I 

- -- 

168.5 ! 
I 8660.7 

3222 Transportation Cost (Spacelasedl I 

I 

1 4140 i Avionics 

3214 

3215 

142.0 3300 1 RANtiE/RASE SUPPORT 

I 

!-= 
I 1 

I 
- I 

Air-Breathing Engines 

Subsystems 

411.8 

3599.8 1 166.6 

--I 
142.0 I 1 I 

26.6 1 29.7 1 I 

3216 / Other 

3217 1 Transportation (SpaccBandl 

~220 1 Propellants and Gases 

3221 1 Basic Cost (Ground4ased) 

1018.6 

1018.6 

I 4000 1 AIR VEHICLE FIRST UNIT COST 

4100 / AIR FRAME 

144.8 

144.8 

/ 4110 Structure 

1 4111 Aerodynamic Surfaces 

350.3 197.4 1 
295.6 1 126.8 / 
113.3 

66.9 1 50.2 1 
83.0 / 1 



TABLE C-6 (Cont. ) 

TWO-STAGE 
(Supersonic Staging) 

1 

COST ELEMENT OESIGNATION 

4142 

4143 

41 50 

4151 

41 52 

4160 
L 

4170 

4200 

4210 

4220 
v 

4230 

4240 

.k 
A 92% learning curve was used 

Communication 

IndrumentationlPandr 

P o w  Supply & Oisrribution 

Electrial P o w r  

5000 / OROP TANK FIRST UNIT COST 
I 
I 

! 
I 
I 

to determine venic le  cost  i n  calculat ing total 

- 

Hydraulic Pomr 

Environmental Control & Life Suppon 

Emergency Recoveq 

PROPULSION 

Rocket Engines - Primary 

Rocket Engines - Secondary 

Air-Breathing Engines 

Orientatioi~ Control Thrusters 

- 

6.4 

8.0 

21.6 

16.9 

4300 1 INTEGRATIONf ASSEMBLYf 
CHECKOUT, AND TEST 

3.5 

7.9 

13.5 

9.8 
- 

4.7 

19.5 

42.5 

15.2 

27.3 

12.2 7.3 

- 

- 

- 

- - -  
3.7 

63.3 

63.3 

- 

- - 



TABLE C-7 

TWO-STAGE 

(Hypersonic Staging) 

I 

COST 
ELEMENT 
NUMBER 

1000 

1100 

1110 

1 l?O 

1130 

COST ELEMENT OESIGlVATlON 

8700.7 TOTAL R ~ T & E  4179.8 

CONCEPTUAL AND OEFINTION PHASE 1 
Conceptud Studia (Contractor) 

Program Ovfinition Studirr (Contractor) 

Other Study Support 

- -- 

649.7 12,366.4 

4276.7 

1 

' 7928.2 

2483.3 

1776.8 

737.0 

1039.8 

- 

1 200 1 ENGINEERING OEVELOPMENT PHASE 7 3788.5 

-- - -- 

I 
I I 

2 
I I"- 

- - - - - - -- - -- 
12114 1 Ottlrr 

~ -- 

1213 I Thmnd Protection System ( 178.8 290.3 1 / 

ORBITER BOOSTER 
I 

1212 

1214 

1214-1 

1214-2 

1214-3 

EOS TOTAL 

' 
728.8 / 13,242.9 

1793.4 

5b8.2 

122 .6  

445.6 

I 1 ! 
I 

1210 

1211 

121 1.3 

I 1 lading Grar 

47.2 

3.4 

30.3 

13.5 

Air Framr 

Strt m r r  

Nonintrgnl Tanks 

47.2 

. 

1 1 
I 

I 

Avionics 1 547.9 / 140.3  

121 1.1 

121 1-2 

Inrt~mtntrtionlPanels I I 286.1 1 84.5 1 
3 

1 

i 

Guidano and Navigation 

Communications 

1215 I Powr Supply and Oinribution -- 
I 121s: 1 Elwried Power 

Armdynamic Surfao 

Bodyflank Strucrurr 

117.2 1 35.2 

144 .8  1 20.6 

185 .8  1 275.9 1 
1 5 2 . 6 1  205.8 

1218 1 Orop Tanb 
I 

1215-2 

1216 

I 
1 

I 1 

Hydraulic Powr 13.2 / 70.1 

1220 1 Propulsion 1 609.0 1 1817.2 

Environnntd Control & Life Support 

1217 I ~rnwgrncy 

2059.8 

312.7 1 
I 

1221 I Rockat Enpinr - Primary 1 1 2 6 . 2 1  I ! I 
I 

I 1222 / Air4reathinp Engines - Secondary 1 1 6 9 2 . 8 1  1 ! 

1 1223 I Air-Breathing Engines I 1 1124.4  1 j 1 
1 1224 Orientation Control 116.4  i i ! 

I I 1230 
I 

! Vehicl~ lntegratio~ -- .. 
83.9 ! 135.7  / 219.6 

1240 1 Initial Tooling 1 2 3 2 . 4 1  715 .6  1 1 948.0 ; I 



TABLE C - 7  (Cont, ) 

TMO-STAGE 

(Hypersoni c Staging) 

COST 
COST ELEMEHT OESlGNATlON I ORBITER 

I 
1 

BOOSTER 

1250 Ground Equipment 

SYSTEM 
I I EoSToTAL 

1 202.6  

1260 1 619 .0  

1262 

-- - - - - - - - -- - 

1281 1 Vehiclr Ten Fac~lities 1 58 .3  / 1 2 6 . 3  1 1 1 
1282 I Engine Ten Facilities ( 6 0 . 0  1 1 1 9 . 9  1 1 I Q, 

1 9 5 6 . 3  1 1 2575 .3  J 

-- - -  

I-- 
- - 

1283 iu..h= I PI 1 I L 

1284 I Op@mond & Mamnnmce h c ~ l i t ~ e r  / I i 1 191.8 -  1 1 I 

1285 I Manufacturing Faerlitios 1 4 . 2  1 1 0 . 7  1 1 
1286 i Wind Tunnd Fac~iitres 1 1 1 I 

I 

Ten Hardmn 

Right Tat 

6 8 . 2  68 .2  1 I i I 

1287 I Propellutt Pmdurrion Facilities I I 1 5 7 . 8  1 I I - i 

I 

1261 I Ground Ten 1 371.4  

1270 1 Ten Operations 

1272- 1 

I 1288 1 Support Equipment I I 
I I i 

247.6  

Horizontal 

1272.2 1 Vertical 1 

- I 1291.2 I 

I Ground Crew 

1173 .8  1 
782.5  1 

1 5 9 . 2  

I 8 4 . 0  1 1 

1 1292 1 Simulators and Equioment 1 49 .5  / 1 5 6 . 5  1 
I 

I 
I 

- - -- -- - - - 
1310 I Contrstor Prognm Management i 255.4 490 .8  1 2 0 . 0  1 7 6 6 . 2 -  

1320 SERO Contractor(si I 1 I i 

1400 1 TECHNOLOGY SUPPORT PHASE I 1 
I I j 

L -. 

255.5  - 1 
6 8 . 2  1 84 .0  1 I 

1271 

686 .4  323.7 

I I 

122 .5  1 411.7  / 7 9 1 . 1  1 
1273 1 Wind T unnel Test 

203.5  

Ground Tat 

1280 

9 1 . 0  

1272 i Fii#t T~ 

Facilitiu and Eauioment 

68 .2  



TABLE C-7 (~ o n t .  j 

TWO-STAGE 

(Hypersonic Stag1 ng ) 

COST ELEMENT OESlGNATlON I ORBITER I BuOSTER 1 SY:?EM I EOSTOTAL 
I I 

I 20OG TOTAL INVESTMENT 1379.1  2455.6 1 257.1  1 4091.8 

I 2100 1 FACILITIES AN0 EQUIPM€NT I 83.7  6 4 . 3  1 176.2  1 324.; 

1 SO0 ) GOVERNMENT PROGRAM MGMT. 1 I 1 1 

- - 

2130 1 M m u f m u r i q  Fwilitict I 1 1 
2 1 4  ( Pmpdlurt Production Flsditirr I 57 .8  1 I 

I 
I 

I 
57.8  1 

I 
2150 ( Ground Equipment I 83.7 6 4 . 3  ! l i 8 . 0  ( 

I 

1 2180 ( Support Equipment 1 I 

1 2170 Activation 1 I 1 118.4  1 
I 

I 1 2200 1 REUSABLE VEHlCiE FLEET 1 1295.4  1 2391.3 1 1 3686.7 
I 

1 2210 ( New V d i e l t  Manufacturing 838.6  1 1440.1  i 1 2278.7 
2220 / R&O V & C ~  Uodif iadrns 1 7 4 . 3 1  234.6 / 1 3T;g.l - -4 -3 

( 2230 ! initial s p u n  1 83 .9  I 1 4 4 . 0  i 1 2 2 7 :  1 --- a . ..- 
1 2240 Sustaining T OG, ..cg I I I I 

I 34.9  1 107 .3  . I I<.. 
-1- .. 

1 2250 1 Enpincrrinp Suppon 1 167.7  1 288.0  1 I 1 
'LO 1 Contnctor Program Maruqarnent 1 I 

I 
--YL -.: 9 6 . 0  1 177 .1  1 , 27a: ,.-? 

I L 2270 ) SWD ~ontnctods)  1 -- 
/ 2300 I EXPENDABLE HARDWARE 1 I ! 

I 

2310 I I ! i 
I H8rdwm Man@*racturinq I I I 

I 

a 

-- - 

2320 / &am ~ u p ~ a n  
- 

2330 1 Enginnring Suppon 1 I 

h 3 5 0  
- - 

I I I I I Cocnwtor Program Management 
I 

/ 240U I ! 
I I I GOVERNMENT PROGRAM MGMT. I 80.9  1 8 0 . 9  

I I I 3000 I TOTAl OPERATIONS I I I 

s 

1 3100 ' OPERATIONS 1 
I 
I I I I 

i 
1 3110 I I I 1 / Launch Opent~ons I I I 

I - 
1 3120 I Recovacy Ouerat~onr 1 , I 

1 I 

I I I ! 
1 j 3130 ! Command and Control I 



TABLE C - 7  (Cont. ) 

TWO-STAGE 

(Hypersonf c Stag i  ng) 

I 1500 1 SOVE RNMENT PROGAA4 MGMT. I ! / 1 4 1 . 6  1 1 4 1 . 6  1 

COST 
ELEMENT COST ELEME3T DESIGNATION / NUMlER 1 

'E / TOTAL INVESTNENT 1 1 3 7 9 . 1  4 1 5 4 . 8  1 2 5 7 . 1  1 5 7 9 1 . 0  

kkCILI7IES AN0 EQUIP?;FENT 83 .7  6 4 . 3  1 1 7 6 . 2  324 .2  

21 10 Launch F u i l i t i u  ! ! 
I 

I 
I Oprcltiond & Mabtat'ar, I Faeilitie 

I 

I -.. - i 1 I 

1 2130 / M m u f m n n q  Wi\,, I i I 
I 

2140 / Pmpdlant Produa~an Frriittas 1 I 5 7 . 8  1 5 7 . 8  1 
I 1 

21 50 I Ground E q u ~ p w n t  83 .7  1 6 4 . 3  1 I 1 4 8 . 0  1 -- 
I 2160 1 Support Equipnwt i I i - i - 

217C I Activation 1 I ' I 1 1 8 . 4  1 1 1 8 . 4  ; 
I 

I I 2200 ! REUSABLE VEHICLE FLEET 1 1 2 9 5 . 4  i ' .090.5 I i j s 8 4  

I 

( 2220 I r LO Vlhicla Mod.iicmons 
I - 7 4 . 3  1 2 3 4 . 8  1 1 3 0 9 . 1  1 

I 2230 
. 

I Initial S m r n  
I 

I 
I 

8 3 . 9  2 6 5 . 0  1 I 348 .9  1 

ORBITER 

j 2400 ! GOVERNMENT PROGRAM MGMT. 1 8 0 . 5  1 8 0 . 9  I - 4 

1 3000 I TOTAI. OPERATIONS 5972 .4  ! 9941-.4 , 1 9 9 3 . 5  / 1 7 , 9 1 ? . 3  .. , 
I 3100 OPERAT IONS i 1 8 5 1 . 5  1 1 8 5 1 . 5  - - 
I 3110 : bunch O~aations I 

I 5 5 . 0  

I 3120 ) Racovtw O~antions 1 I 2 5 . 7  , - .- 
) 3130 a 2nd ~d and Control I 
I -- 1 4 8 . 6  ' 
/ 3140 I Rtplat rlnant Tram~ng 

1 -- - ! ';C. 6 

aOOSTEA SYSTEM EOS TOTAL ! 

- ~~ 

j-2310 / Hardware Manufactut~np I I I ! 
I 

I__ 

I I_ I 2320 
L 

I Soarw h o p o n  - .  1 I 
! I 2330 Enqnnrinq Supoon ! i i , I 

I 

1 Add!tionJ and Sustaining Toolinq I 1 I - - 1  I 
I 1 I 

I I I 



TABLE C-7 (Cont.) 

TWO-STAGE 
(Hypersonic Staging ) 

- -  - - 

COST 
ELEMEhT / NUMBER I COST ELEMENT DESiGNATlON ORBITER BOOSTER SYSTEM EOS TOTAL 

1 3150 1 Facility & Equipment Maintena~ce I I 1 333.51 I 

I I I I 1 3222 ! Transportation Cost (SpaceBased) I I 

1 -  95.94 

237.6 

513.7 

513.7 

269.6 
I 

121.3 1 

9946.4 1 / 15,919.8 

- 

5972.4 , 

( 3151 1 Launch & Maintenance Facilities - 

- - -  

3215 - j p ~ ~ & e n s  1 3527.9 
I 

3216 1 Other 

3217 1 Transportation (Space-Based) 1 

3152 

h 

3220 1 Propellants and Gases 

3221 1 Basic Cost (Ground-Based) 

882.1 1 I 
I 

I 1 

- - r 4140 I Avionics 

Gr~und  & Suppon Equipment 

I 3210 

274.4 

274.4 

1188.9 

1188.9 

142.0 / 
1030.1 

3300 1 RANGEIBASE SUPPORT 1 1 1 142.0 

-- - - -- - - - -  r 4141 I Guidance and Navigation 
- 

I 
I 12.2 1 13.3 , I 30.5 I i 

Followon Spares 5707.5 1. 8832.9 1 I 

1 1 
I 

I 

I 

4000 1 AIR VEHICLE FIRST UNIT COST 

703.2 1 
356.7 

212.3 1 
144.4 / 

I 

/ 4100 / AIR FRAME 1 204.51 498.7 1 

31E'/'jl. - Maintenance 

3161 / Ground-Based Maintenance Operations 

3162 , Space4aw.I Maintenance Operations 

3170 1 In-Plant Engineering Su, ,on 

370.8 

1690.4 

237.6 1 782.5 1 

4110 1 Structure 

3180 

3200 

1866.8 1 
2977.5 1 

3211 1 Structure - 
3212 1 Thermal Protection System 

3213 1 Rocket Engines 

48.5 1 297.8 1 

4120 1 Landing Gear 

Program Integration and Management 

SPARES AND PROPELLANTSUPPORT 

32 1.t 

0.2 1 0.9 1 i 1.1 I 

108.9 / 
Air-Breathing Engines 

I 41 11 1 Aerodynamic Surfaces 28.5 177.4 1 
1 20.01 120.4 1 4112 1 BodylTank Structure 

I I I 1 4130 1 Thermal Protection System 8 0 9  1 142.5 1 223.4 1 

I C O  1 cy 

1 4113 1 Nonintegral Tanks 

1 834.6 / 1 I - 

1 I ! 
4114 1 other I I 1 



TABLE C-7 (Cont , )  

TWO-STAGE 
(Hypersonic Staging)  

COST ELEMENT OESIGNATION I ORBITER I BOOSTER I SYSTEM I EOSTOTAL I 
4142 Communication 6.4 3.5 9.9 

4143 Instrummtation/Pands 8.0 7.9 15.9 

4150 P o w  Su~plv & Distribution 18.4 27.8 46.2 

t"""" 

I 

l- E l m r i u l  Power 

Hvdnulic Power 

14.6 

3.8 

Environmrntll Control & Life Suppon 

Emerpancy Recovery 

Air-Bnathing Engines - Secondary 1 I 1 135.6 1 135.6 

- - - - - - 

PROPULSION 

Rocket Engines - Primary 

19.6 

8.2 

19.5 

INTEGRATION, ASSEMBLY, 
CHECKOUT, Ah0 TEST 

34.2 

12.0 1 
I 19.5 

I 

Air-Breathing Engines 

Orientation Control Thrusten 

DROP TANK FIRST UNIT COST 

- 

7 
33.2 

5.9 

263.9 
- -  

27.3 

297.1 

5.9 

128.3 

I 

128.3 

27.3 
I 
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TABLE C-8 

I 1220 I Propulsion 242.6 1 I 1 242.6 1 

TWO-STAGE 

(Rocket-Powered HTO) 
\ 

I 

1221 I Racket Engines - Primary 1 126.2 j i I I 
i 

I 1222 Rocket Engines - Secondary 1 1 1 1 I 

1130 

1140 

1200 

- - - -- -- -- - - - - 

I I ( 1223 I Air-Breathing Engines I 1 i I 

I 1 1224 Orientstion Control i 116.4 I I i ! ! 
I 1 1230 I Vehicle Integration 1 83.9 1 68.6 1 ! 152.5 

- 

1240 1 ln~tial Tooling 1 232.4 465.0 ! i 697.0 1 

13.5 

I 

Other Study Support I 
SE/TD Cantractor(s1 

ENGINEERING DEVELOPMENT PHASE 3788.5 

1793.4 

568.2 

122.6 

445.6 

3837.3 1 I 610.3 

1716.0 1 
1058.4 1 
251.9 1 

1210 / Air Frame 

1211-3 1 Nonintegral Tanks 

1211-4 / Cther 

1212 I Landing Gear 

8296.1 

3509.4 

1211 

1211-1 

1211-2 

1 1 
I 

1 
i 

I I e 
I I 

a 
?- 

806.5 1 

Structure 

Aeradynam~c Surface 

Bodynank Structure 

I 
I 1 

I 

1213 ( Thermal Protectm System 1 178.8 1 263.8 

1214 I Av~on~cs 547.9 1 140.3 

I 

1 
A 

I -- 
I 
I 

1214-1 

, 1214.2 I Communications 

1214-3 1 InstrumentationlPtneIs 

17'5 I Power Supply and Oistribution 

12151 ( Electrical Power 
I 

Guidance and Nawgation 1 177.2 / 35.2 

1216 I Environmental Control & b fe  S U P P O ~ /  312. i I 
I I 1217 1 ~melpency 

1218 I D r c ~  Tanks I I I 

144.8 1 20.6 1 

266.1 84.5 1 

12152 

185.8 

Hydraulic Power 

253.5 1 
152.6 1 205.8 1 
33.2 1 47.7 1 



TABLE C-8 (Cont.) 

TNO-STAGE 
(Rocket-Powered HTO) 

1 250 Ground Equipment 1 119.6 ( 65.8 1 185.4 1 
1260 

1261 

1262 

1 1291-2 I 
I Ground Craw 

- - -  -- - -. --  - -- - 

- -1 119.5 / 
- ~ -- - -- 

1 1273 I ~ i n ~  ~ u n n d  ~ e n  

i I I 

1289 Activation 1 I 148.3 1 I 

1290 1 f n in ing  1 49.5 / 82.4 1 34.5 1 166.4 I 
I 

1 1292 I Simulators and Equipment 1 49.5 1 82.4 ] I I 

1030.0 1 1 1649.0 

618.0 

412.0 

Tea H d m n  1 619.0 

- -- -~ -- 

1291 

Ground Tm 

Fl ight Test 

1280 1 Fiicillties and Equ~ipmem 

Psnonnd I 1 I 34.5 

1 1410 
I 

I I I I Aerotherma Technolam I 1 

371.4 

247.6 

159.2 

91.0 

1270 1 ~ l r t  0 p m i o m  

122.5 ( 257.7 / 372.7 / 752.9 

-- - --- - - -  - - - - - - - -- -- 

1310 I Contractor Program Management i 255.4 3 0 2 0  1 2 0 . 0  5 7 3  

1 1420 
I ! StructurelMaterial Techncloav I 

574.1 211.8 

1271 

1 

1320 1 SEITD Contracror(d I 1 

203.1 

Grwnd Tcn  
1 

1272 Flight Test 

1272-1 / Horizont3 

1272-2 j Venia l  

. 

1 

143.6 

68.2 

68.2 

68.2 

68.2 

I 

I 1 

1291-1 1 Flight Qm I 

1400 I TECHNOLOGY SUPPORT PHASE I I 1 I I 
I 

r 

I 
83.6 

I 29.7 

i 83.6 I . 

m 
aj 
P 

1281 / Vehicla Test Facilittes / 5 8 . 3  126.3 1 
I 

I 
1282 I Engine Ten F:tcilitim 60.0 1 119.9 ( 

, 

1 I I 1284 Operational & Maintmmco Facilities 166.6 1 1 * 

I 

I 1283 

1285 

Launch Facilitia 

1 Manufacturing Facilities 
r 

1286 1 Wind Tunnd Facilities 1 1 I 1 I 
I 

4.2 1 11.5 1 

I 
! 

1287 I Propellant Production Facilities I I I 57.8 

1288 I S u p p o ~  Equipment I I 



TABLE C-8 (Cont.) t 

TWO-STAGE 

(Roc ket-Powered HTO) 

. . 
COST 

ELEMENT COST ELEMENT DESIGNATION ORBITER BOOSTER SYSTEM 
NUMBER 

I 1 2000 1 TOTAL INVESTMENT 1 1379.1 1 1329.8 1 265.4 1 2974.3 1 

1440 

1500 
4 

Other Technology 

GOVERNMENT PROGRAM MGMT. 

' 2100 

2110 

1 1 I 
1 

I 2400 1 GOVERNMENT PROGRAM MGMT. I 
1 3000 1 TOTAL OPERATIONS 

FACILITIES AN0 EOUIPIW€NT 

Launch Facilities 

I i I i 31 00 OPERATIONS 
, 

I I I 31 10 1 Launch Operations 
I 

I 

3120 ! Recovery Operations 1 ! I I I 
I 

I I 
3130 / Command and Control I I 1 ! 

I k 4 0  
4 

! Reo~acement Traming 
I 
I I i i 

J 

, S0.9 

1 

83.7 

2120 I Opemticnd & Maintanmca Facilities 

2130 I Manufacturing Facilitias 

80.9 !- 
i 
I 

83.7 

2 1 4  
I 

57.8 1 57.8 

56.5 I i 140.2 m 

I 
1 126.7 1 126.7 , 

56.5 

Pmpdlent Production Facilities 

2200 I REusArJLE VEHICLE FLEET 1 1295.4 i 1273.3 I I 2568.7 

2150 I Ground Equipment 

21 60 I SUP~OR Equipment 

2170 1 Activation 

184.5 

838.6 1 758.2 ! 9144.2 , I 

74.3 1 123.6 / 1 197.9 1 
1 2210 I New Vahicll Manufamri y 

324.7 

2220 R&O Vehicle Modifications 

2230 

2240 

I 
Initial Spares 1 83.9 1 75.8 I 1 159.7 1 
Sustaining Tooling 

1 2250 I Enginerring Support 

2260 1 Contractor ~ q n m  Managemam 

i I 

34.9 1 69.8 1 104.7 1 

167.7 1 151.6 ' I 719.3 
I I 

96.0 I 94.3 t i 190.3 I 
2270 I S V ~ D  ~ontranodsl  I 1 i 

j 2300 I EXPENDABLE HAROWARE I I j 
I 
j 

2310 i Hadwan Manufacturing I I i 
2320 I ~ p a m  supeon I 1 
2330 / Enqinaering S u p p o ~  I 1 1 
2340 I . Additional and Sustaining Tooling I I i I 
2350 / Contractor Prognn Management I 1 1 I 



TABLE C-8 (Cont. ) 

TWO-STAGE 
( Rocket-Powered HTO) 

1 COST I I 1 I i l ,  
ELEMENT I COST ELEMENT OESIGNATION I JRBITER I BOOSTER / SYSTEM i €OSTOTAL I I I NUYIlER I 

1 1500 I GOVERNMENT PROGRAM MGMT. I I 1 141.6 1 141.6 1 
2000 

2100 

2110 

TOTAL INVESTMENT 

- - 

1 2120 I Oontiond & M a i n n m a  F r i i i t i o  1 
21 30 1 Manufacturing Facilities . 

2140 1 Propellant Productton Facrlities ! 

- - - 

- - 

56.5 21 50 I Ground Equipment 

- - - - - 

I 1 2400 / GOVERNMENT PROGRAM MOMT, i I 1 8 0 . 9  8 0 . 9 ;  1 -- / 3000 i TOTAL OPERATIONS ) 5572.4 j 9329.0 1 1993.3 117,294.7 1 
I - I 3100 1 OPERATIONS 1 I 1 1851.3 1 1851.3 i 

I 1 3110 1 1 55.0 ! I 

1379.1 

83.7 

21 60 I support Equipmant 

/ Launch Operations 

FACI LlTlES AND EOUIPkENT 1 83.7 

Launch Facilities - r -  pp 

I I 

2230 / ln~tial spares 83.9 1 139.5 1 223.4 1 

I I 

2224.5 

57.8 

2240 I Sustaining Tooling I 34.9 1 69.8 

- 
3120 i Recovery Operations 1 I I 

I i 
25.7 I I 

I I 3130 j C~mmand and Control 1 1 148.6 / - 
1 3140 

I 

i Reolacamtnt Training I i I ! 50 .6  1 

56.5 

57.8 

2170 ( Activation I I 1 126.7 / 126.7 : 
2200 / REUSABLE VEHICLE FLEET 1 1295.4 / 2168.0 / / 3463.4 

, 
104.7 1 

265.4 

i 140.2 1 

2210 / New Vehicll Manufacturing 

3869.0 1 
184.5 

2250 
I 
I Engineering Support 

2260 1 Contractor Program Muyrment 

324.7 

4 

2220 I R&O Vehicle Modifications ! 74.3 1 123.6 1 1 197.9 1 
838.6 1 1395.4 1 

167.7 1 279.1 ! . ! 446.8 

96.0 1 169.e I 2 5 6 . 6  1 

2234.0 

I 
I 

2270 I SE/TD ~ontractor(s) I 
I 

I I 2300 I EXPENDABLE HARnWAflE I 1 

231 0 I Hardwere Manufactunng I 
2320 3 
2330 I Engineering Support 

I 
_3 

I I 
I I 7 
I 

2340 I Additiond 8 6  Sustaining Tooling 1 1 
2350 1 Contractor Pmsram Management 1 1 I 

i 
I 

I - 
I 



., 1 
5 TABLE C-8 (Cont. ) 

TWO-STAGE 
(Rocket-Powered HTO)  

\ 

COST ELEMENT OESIGNATION 

9.3 

19.5 

83.9 

29.3 

41 52 

4160 

41 70 

4200 

4210 

4220 

3.8 

19.5 

33.2 

5.9 

Hydraulic Power 

Environmental Control & Life Support 

Emergency Rocovery 

PROPULSION 

Rocket Engines - Primary 

Rocket Engines - Secondary 

4230 

4240 

4300 

* 

5000 

5 . 5  

- -.. 

50.7 

23.4 

Air-Breathing Engines 

Orientation Control Thrusters 

INTEGRATION, ASSEMBLY, 
CHECKOUT, AND TEST 

OROPTANK FIRST UNIT COST 

I 
I 
I 

I 

I 
1 
I 
I 

I 

! 

I 
1 

I 

I 
I 

27.3 

9.9 

27.3 

12.4 

54.6 

22.3 
c3 
CO ,-- 
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